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ILLINOIS  MINING  INVESTIGATIONS 
Cooperative   Agreement 
GAS    SECTION 

The  difficulty,  due  to  war  conditions,  of  obtaining  adequate  and 
reliable  delivery  of  eastern  gas-coal  and  of  coke  has  suggested  the 
wider  use  in  gas  manufacture  of  iow-sulphur  coal  mined  in  the  central 
district,  comprising  IlKnois,  Indiana,  and  western  Kentudcy. 

The  needs  of  the  gas  industry,  and  the  desire  of  the  U.  S.  Fuel 
Administration  to  meet  those  needs,  has  led  to  the  appointment  by 
Governor  Frank  O.  Lowden ,  of  a  Technical  Committee  on  Gas, 
By-products,  and  Public  Utilities,,  to  act  in  an  advisory  relation.  The 
committee  includes  representatives  of  the  Illinois  Gas  Association,  the 
U.  S.  Bureau  of  Mines,  the  Engineering  Experiment  Station  of  the 
University  of  Illinois,  and  the  State  Geological  Survey  Division  of 
the  Department  of  Registration  and  Education,  State  of  Illinois. 

Previously,  some  studies  of  the  use  of  Illinois  coal  in  retort-gas 
manufacture  and  in  by-product  coke  ovens,  and  of  the  chemical  and 
physical  properties  of  Illinois  coal,  have  been  conducted  under  the 
Illinois  Mining  Investigations,  cooperative  agreement — a  joint  agency 
of  the  U.  S.  Bureau  of  Mines,  the  University  of  Illinois,  and  the 
State  Geological  Survey  Division.  The  continuation  and  expansion  of 
this  work  has  been  recommended  by  the  Technical  Committee  and 
the  Fuel  Administration.  In  response  a  Gas  Section  has  been  created, 
and  experienced- gas  engineers,  chemists,  and  other  specialists  have 
undertaken  a  program  of  experiment  on  a  commercial  scale  to  extend 
the  use  of  central  district  coal  in  water-gas  generators  and  in  gas 
retorts. 

The  results  of  the  investigations  will  be  published,  and,  in  addi- 
tion, the  operators  pf  gas  plants  in  the  region  naturally  tributary  to 
central  district  coal  will  be  advised  by  the  Technical  Committee,  of 
the  progress  from  time  to  time;  and  will  be  urged  to  witness  and  par- 
ticipate in  the  tests  and  to  introduce  in  their  own  plants  new  or 
improved  practices  which  will  lessen  the  burden  on  the  railroads, 
and  assist  the  mines  and  the  coke  oyens  to  meet  the  unprecedented^ 
demands  due  to  the  war. 

Inquiries  and  suggestions  regarding  the  gas  experiments  should 
be  addressed  to  Gas  Section,  Room  305,  Ceramics  Building,  Urbana, 
Illinois. 
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WATER-GAS    OPERATING    METHODS    WITH 
CENTRAL  DISTRICT  BITUMINOUS  COALS 
AS    GENERATOR    FUEL-NOTES  ON 
EXPERIMENTS  ON  A  COM- 
MERCIAL SCALE. 

By    W.  A.   Dunklpy 
lint]   W.  \V.  Odell 


INTRODUCTION. 

During  last  July  a  survey  was  made  of  the  gas  plants  of  Illinois 
and  neighboring  states,  to  determine  what  progress  and.  economies 
had  been  made  in  the  use  of  the  coals  of  this  region  in  gas  manufac- 
ture. The  facts  learned  from  this  inspection  were  published  in 
Ikillctins  21  and  .22  of  this  series,  the  former  bulletin  dealing  with 
the  use  of  these  coals  in  the  manufacture  of  retort-coal  gas,  and  the 
latter  with  their  use  as  water-gas  generator  fuel. 

Although  considerable  progress  had  been  made,  and  some  opera- 
tors were  realizing  a  considerable  saving  froin  the  use  of  these  coals, 
it  was  concluded  from  this  inspection  that  nuich  was  yet  to  be  learned 
about  the  use  of  central  district  coals  in  both  processes,  but  it  was 
thought  that  the  greatest  amount  of  useful  information  could  be  ob- 
tained in  a  short  time  by  further  experimentation  on  the  water-gas 
process.  Accordingly  it  was  decided  to  carry  out  a  series  of  experi- 
uK-nts,  on  a  commercial  scale,  to  determine  the  possibilities  of  the 
]»rocess,  its  limitations,  available  fuels,  suitable  methods  of  operation, 
and  the  effects  of  many  of  the  variable  conditions  entering  into  water- 
uas  manufacture. 

Through  the  cpurtesy  of  the  Public  Service  Company  of 
Northern  Illinois,  the  facilities  of  the  Streator  plant  were  extended 
for  experimentation.  This  plant  was  chosen  because  it  is  well 
equipped,  and  because  its  generating  capacity. is  sufficiently  large  so 
that  any  errors  in  judgment  or  mistakes  in  the  early  stages  of  the 
experimental  work  would  not  jeopardize  the  gas  supply  to  the  city. 
Also  the  experiments,  while  conducted  on  a  commercial  scale,  would 
not  involve  the  useless  expenditure  of  as  much  money  on  coals,  some 
of  which  might  prove  unsuitable,  as  would  be  necessary  in  a  larger 
plant. 
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During  the  course  of  the  experiments,  which  extended  over  .i 
])eriod  of  about  four  months,  many  analyses  were  made  of  the  gases 
produced  during  the  different  stages  of  operation  and  under  various 
operating  conditions.  Other  observations  were  also  made,  and  it  is 
hoped  that  the  publication  and  discussion  of  these  in  a  later  bulletin 
will  throw  more  light  on  the  process  and  lead  to  further  studies. 
The  present  paper  is  preliminary  to  the  main  publication,  and  is 
designed  to  furnish  operating  information  to  the  managers  and  super- 
intendents of  water-gas  i)lants,  without  going  in  detail  into  the  mass 
of  data  u])on  which  the  conclusions  are  based. 

PROBLEMS  .\ND  THEIR  SOLUTION. 

The  superintendent  who. contemplates  the  use  of  bituminous  coal 
for  water-gas  generator  fuel  is  confronted  by  the  following  problems, 
some  of  which  apply  more  strongly  in  certain  cases  than  in  others: 
the  education  of  gas  makers  in  the  use  of  coal  fuel  and  the  overcoming 
of  their  prejudices  against  it;  the  selection  of  suitable  coal;  the  con- 
trol of  arching  and  caking  in  the  generator;  the  maintenance  of 
production  capacity  with  coal  fuel ;  the  prevention  of  an  excessive 
amount  of  smoke  during  operation;  the  prevention  of  sticking  of 
valves,  due  to  tar  deposits ;  and  the  control  of  clinker  formation. 

Some  of  the  problems  enumerated  could,  perhaps,  be  solved  by 
the  same  methods  in  one  plant  as  in  another,  but  others  reijuire  indi- 
vidual treatment  on  account  of  certain  peculiarities  of  existing  condi- 
tions in  ])articular  plants.  It  is  obvious  that  the  methods  developed 
in  one  particular  plant  under  one  set  of  conditions  cannot  apply  to  all. 
It  is  the  purpose  of  this  paper  to  discuss  the  j)rinciples  governinii 
operation  briefly,  to  tell  the  reasons  why  certain  operating  methods 
were  adopted,  and  what  the  results  were  in  the  case  described. 

These  problems  will  be  discussed  under  the  following  heads: 

1.  Securing  the  cooperation  of  gas  makers. 
*^.   Use  of  coal  and  coke  mixttuvs. 
'.].  Selection  of  coal. 

4.  Control  of  arching  and  caking  of  coal  in  the  generator. 

T).   Reduction  of  production  capacity  with  coal  fuel,  with  the  usn:il 

operating  methods. 
().  The  blow-nm  cycle  for  increasing  ca])acity. 
1 .  The  blow-run  with  mixed  coal  and  coke. 

5.  The  air  purge. 

D.  Smoke  j)reventi()n. 
.10.   Prevention  of  sticking  of  valves. 
1 1.  C'onlrol  of  clinker. 
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1.     Securing  the  Cooperation,  of  Gas  Makers 

Of  the  problems  mentioned,  the  first  is  often  the  most  difficult 
one  to  solve.  The  uncertainty  of  the  results  to  be  obtained  with  an 
unknown  fuel,  the  lack  of  a  financial  incentive  to  undertake  some- 
thing which  is  new  and  untried,  and  which  may  lead  to  difficulties  or 
inconveniences,  are  sufficient  to  prejudice  many  gas  makers,  even 
before  a  trial  is  made. 

The  superintendent  who  is  about  to  try  a  new  fuel,  and  especially 
a  fuel  so  diflFerent  from  the  customary  as  is  bituminous  coal,  must  fit 
his  method  of  attack  to  the  temperament  of  his  operators.  Different 
methods  must  be  used  in  different  cases.  It  must  be  realized  that  the 
cooperation  of  the  gas  maker  must  be  obtained  for  good  results.  A 
good  gas  maker  senses  the  behavior  of  his  machine  in  a  manner  in- 
comprehensible to  the  mere  technical  man,  and  this  peculiar  under- 
standing can  be  utilized  to  advantage  if  at  the  same  time  the  more 
visible  conditions  are  kept  sight  of  carefully. 

It  is  not  the  purpose  of  this  paper  to  tell  the  superintendent  how 
to  handle  his  men,  but  merely  to  suggest  how  essential  to  success  is 
their  cooperation.  It  is  believed  that  this  can  be  obtained  in  any  way 
which  makes  them  feel  that  it  is  to  their  interest  to  succeed,  or  that 
they  are  believed  to  be  capable  of  accomplishing  something  out  of 
the  ordinary. 

2.     Use  of  Coal  and  Coke  Mixture 

In  starting  the  use  of  coal  fuel  in  a  plant  where  it  has  never  beeir 
tried,  the  writers  are  of  the  opinion  that  it  is  preferable  for  operators 
to  accustom  their  gas  makers  gradually  to  the  new  conditions  by 
running  for  a  time  with  a  mixture  of  coal  and  coke,  and  gradually 
increasing  the  percentage  of  coal.  In  this  way  the  operating  condi- 
tions may  be  changed  gradually  and  100  per  cent  coal  used  eventually 
with  little  difficulty. 

In  case  the  production  capacity  of  a  plant  is  barely  sufficient  to- 
carry  the  load  WMth  straight  coal,  it  will  usually  be  found  that  the 
capacity  may  be  increased  materially,  either  by  the  use  of  a  coal  and 
coke  mixture,  or,  if  plant  conditions  will  permit,  by  the  adoption  of 
the  blow-run  cycle  which  will  be  described  later.  The  mixture  of  a 
small  percentage  of  coke  with  the  coal  makes  the  fire  more  permeable 
to  the  blast,  thereby  permitting  more  air  to  pass  through  the  fire  in 
a  given  time  with  the  same  blast  pressure.  In  the  Streator  tests  about 
12  per  cent  more  blast  passed  the  fire  with  a  mixture  containing  75 
per  cent  coal  than  with  100  per  cent  coal.  This  practice  results  in  a 
higher  fuel-bed  temperature  and  a  consequent  larger  make  during 
the  steam  run. 
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Usually  it  is  not  necessary  to  begin  with  a  very  small  percentage 
of  coal.  A  half  and  half  mixture  can  usually  be  employed  from  the 
start  without  difficulty.  Since  coke  is  considerably  more  expensive 
than  coal,  the  operator  who  desires  to  make  as  great  a  saving  as  pos- 
sible consistent  with  his  operating  conditions,  will  finally  use  the 
smallest  amount  of  coke  in  the  mixture  that  will  permit  him  to  get 
the  necessary  capacity  from  his  machine.  In  the  tests  at  Streator  the 
results  over  a  long  period  indicated  that  a  larger  output  per  hour  of 
operating  time  could  be  obtained  from  a  mixture  containing  TO'  to  80 
per  cent  coal  than  from  mixtures  containing  either  more  or  less  coal. 

While  mixtures  of  coal  and  coke  oflFer  some  advantages  in  in- 
•creasing  machine  capacity,  somewhat  more  oil  is  required  to  maintain 
a  given  heating  value  than  with  straight  coal.  This  increase  may 
amount  to  between  0.1  and  0.2  gallon  of  oil  per  1,000  cubic  feet  of 
finished  gas  with  2o  per  cent  of  coke  in  the  mixture.  The  generator 
fuel  during  the  Streator  test  was  about  three  to  four  pounds  per  1 ,000 
less  with  the  mixture  than  with  straight  coal.  Piowever,  on  account 
of  the  different  rates  of  burning  of  coal  and  coke  during  lay-over 
periods,  this  difference  might  not  be  found  in  a  plant  operating  practi- 
cally continuously.  The  steam  per  1,000  cubic  feet  was  about  five 
pounds  greater  with  the  mixed  fuel. 

A  coal  and  coke  mixture,  without  a  blow-run,  may  be  used  in 
one  of  two  ways,  according  to  the  results  desired.  All  the  coke  may 
be  charged  into  the  machine  during  the  first  part  of  the  day's  run,  or 
it  may  be  mixed  with  the  coal  in  each  charge.  The  first  method  gives 
a  quicker  start,  and  the  subsequent  running  is  practically  on  straight 
coal.  With  the  other  method  the  start  is  not  so  quick,  but  the  average 
hourly  make  will  usually  be  greater  and  more  uniform.  Or  the 
operator  may  combine  the  two  methods,  making  the  first  charges 
chiefly  coke  and  the  later  charges  chiefly  coal.  Which  method  is  de- 
sirable will  probably  depend  upon  the  local  conditions,  as  length  of 
operating  time,  for  example. 
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3.    Selection  of  Coal 

In  selecting  a  central  district  coal  for  use  as  generator  fuel  many 
of  the  same  considerations  apply  as  with  other  fuels  for  this  purpose. 
The  coal  should  not  break  up  too  much  on  handling  and  it  should  be 
as  free  as  possible  from  ash.  The  sulphur  content  is  also  a  very  im- 
portant consideration.  While  analyses  of  the  coals  used  in  Streator 
are  not  yet  completed,  the  indications  are  that  at  least  orie-fourth  of 
the  sulphur  present  in  the  coal  passes  into  the  blue  gas.  For  example, 
a  coal  containing  about  1.57  per  cent  S  gave  155  grains  HoS  per  100 
cubic  feet  in  the  blue  gas.  The  Texas  oil  used  brought  this  up  to  200 
grains  in  the  unpurified  carburetted  gas.  Probably  the  form  in  which 
the  sulphur  is  present  in  the  coal  has  a  marked  effect  on  the  amount 
transmitted  to  the  gas.  It  is  hoped  that  a  further  study  of  this  rela- 
tion may  be  discussed  in  the  main  report.  In  general  it  seems  prob- 
able that  any  plant  which  is  not  equipped  to  purify  raw  gas  containing 
more  than  200  grains  of  HoS  per  100  cubic  feet  at  the  average  rate 
of  purification,  should  insist  on  a  sulphur  content  not  exceeding  1.50 
per  cent  in  the  delivered  coal.  Bulletin  No.  23  of  this  series  gives  a 
list  of  the  mines  of  the  central  district  which  could  probably  furnish 
coal  meeting  the  above  condition. 

As  with  the  other  fuels  the  size  of  coal  required  for  water-gas 
manufacture  is  important.  Since  nearly  all  central  district  coals  show 
the  coking  property  in  varying  degrees,  it  is  not  possible  tp  prescribe 
one  best  size  for  all  coals. 

The  stronger  the  coking  property  of  a  coal,  the  greater  is  the 
tendency  for  the  lumps  to  mat  together  in  the  fire.  The  effect  of  this 
is  similar  to  the  conditions  existing  when  a  coal  containing  consider- 
able slack  is  used.  In  the  experiments  at  Streator,  large  egg  size  (4  to 
6  inches)  gave  satisfactory  results.  Some  of  the  coals  used  broke  up 
more  readily  than  others,  so  that  there  was  considerable  slack  present 
in  some  cases.  While  under  favorable  conditions  of  blast  pressure, 
etc.,  it  is  possible  to  use  coal  containing  considerable  slack,  its  effect 
in  obstructing  the  passage  of  air  through  the  fire  is  detrimental ;  and 
careful  forking  and  the  avoidance  of  unnecessary  breakage  in 
handling  are  therefore  recommended. 

Some  central  district  coals  tend  to  disintegrate  somewhat  during 
storage,  especially  if  exposed  to  the  weather.  Since  the  size  is  of 
considerable  importance  in  water-gas  operation,  it  seems  inadvisable 
to  store  coal  for  this  purpose  longer  than  necessary  to  maintain  an 
adequate  stock.  When  necessary  to  store  such  coal,  it  may  be  ad- 
visable to  purchase  a  larger  size  than  otherwise  required,  in  order  to 
make  due  allowance  for  disintegration  and  breakage.  The  larger 
sizes  are  also  less  liable  to  spontaneous  ignition. 
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4.     Control  of  Arching  and  Caking  of  Coal  in  the  Generator 

For  successful  operation  with  coal,  the  method  of  procedure 
must  be  different  from  that  with  coke,  else  trouble  is  likely  to  be 
speedily  encountered.  Coke  in  the  generator  presents  a  porous  loose 
mass  to  the  passage  of  air  and  gases  through  the  fire,  while  on  the 
other  hand,  most  bituminous  coals  tend  when  freshly  charged  to  cake 
and  run  together.  This  caking,  if  excessive,  is  evidenced  by  an  in- 
crease in  the  blast  pressure  under  the  grate,  other  conditions  remain- 
ing the  same,  and  if  the  set  is  equipped  with  an  air  meter  in  the 
generator  blast  line,  a  decided  decrease  in  the  amount  of  air  going 
through  the  fire  will  be  indicated  soon  after  making  a  fresh  coaling. 
This  is  especially  true  when  excessively  heavy  charges  are  made.  It 
is  frequently  customary  in  plants  operating  with  coke  to  make  at  the 
beginning  of  the  day's  run,  one  or  more  fuel  charges  of  two  or  three 
times  the  size  of  the  normal  running  charge  which  is  made  after  the 
fuel  bed  is  up  to  its  usual  operating  depth.  With  the  usual  bitum- 
inous coal  this  procedure  would  almost  certainly  lead  to  trouble.  In 
general,  it  may  be  said  that  large  egg-size  coal,  even  with  the  caking 
controlled,  offers  more  resistance  to  the  passage  of  air  than  does 
coke,  and  the  addition  of  a  large  charge  of  green  coal  causes  an  ex- 
cessive increase  in  this  resistance.  The  fuel  on  caking  forms  a  nearly 
impenetrable  arch  over  the  fire,  which  hinders  the  passage  of  air. 
This  slows  up  the  combustion  during  the  blast  period,  decreases  the 
temperature  of  the  fuel  bed,  and  results  in  a  great  decrease  in  the 
amount  of  gas  produced  during  the  run  period.  This  arching  fre- 
quently remains  in  the  place  w^here  formed,  even  after  the  already 
coked  fuel  beneath  it  has  burned  away,  leaving  a  hollow  space  be- 
tween. The  arching  may  be  so  tenacious  that  it  is  necessary  to  break 
it  up  with  bars  before  another  coal  charge  can  be  added.  This,  of 
course,  is  unwelcome  labor,  even  were  it  not  an  indication  of  an 
unhealthy  operating  condition. 

The  prevention  of  arching  can  be  readily  accomplished  by  mak- 
ing charges  of  normal  size  and  with  greater  frequency  during  the 
early  part  of  the  day's  run.  At  Streator  it  was  the  practice  to  make 
one  run  in  the  morning  before  coaling;  the  reason  for  this  will  be 
discussed  later.  A  normal  charge  was  added  after  the  first  run, 
another  after  the  third  run,  and  this  method  was  continued  until  the 
fire  was  up  to  its  usual  operating  level  even  with  the  bottom  of  the 
take-off  connection,  as  with  coke.  After  this  the  depth  of  fire  was 
maintained  by  normal  size  charges  about  35  to  45  minutes  apart.  The 
weight  of  these  charges  was  about  the  same  as  the  weight  of  the 
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noniial  charge  when  using  coke.  It  was  found  that  by  this  method  of 
charging  the  resistance  to  the  passage  of  air  through  the  fire  was  not 
excessive,  the  fire  burned  down  uniformly,  and  there  was  no  arching, 
and  consequently  barring  down  was  no  longer  necessary.  Where  a 
coal  with  very  strong  coking  properties  is  used  and  arching  persists 
even  under  the  above  conditions,  the  difficulty  can  be  remedied  by 
making  smaller  but  more  frequent  charges,  though  this  necessitates 
opening  the  generator  more  frequently,  and  causes  a  certain  loss  of 
operating  time.  In  many  plants  the  loss  of  time  during  coaling  is 
excessive  and  could  be  considerably  reduced  by  carefully  arranging 
the  movements  of  the  various  men  participating  in  the  operation.  It 
will  usually  be  found,  however,  that  the  time  required  for  coaling  with 
central  district  coals  is  no  greater  than  with  coke. 

It  was  formerly  believed  by  some  operators  that  in  using  bitum- 
inous coal  as  generator  fuel,  the  volatile  matter  would  be  largely 
driven  oflf  from  a  fresh  charge  during  the  first  blast  after  coaling. 
Contrary  to  this,  it  is  found  that  the  surface  of  the  fuel  bed  remains 
fairly  cool  from  charge  to  charge.  The  surface  of  a  charge  has  not 
been  entirely  converted  into  coke  when  the  next  charge  is  added.  The 
rate  of  conversion  into  coke  will  of  course  depend  upon  the  tempera- 
ture obtained  in  the  generator  which  in  turn  is  dependent  upon  the 
amount  of  air  passed  through  the  fire  during  the  blast  period  and 
the  amount  of  steam  used  during  the  run.  On  one  occasion  a  G-inch 
lump  of  coal  removed  from  the  fire  just  before  making  a  fresh  charge 
showed  about  J:|  inch  of  coking  on  each  face,  perpendicular  to  the 
laminations  of  the  coal;  while  the  other  two  faces  had  coked  to  a 
depth  of  about  J4  J^ich. 

The  fact  that  the  surface  of  the  fuel  usually  remains  relatively 
cool  often  causes  delay  in  the  ignition  of  the  generator  gases  when 
the  lid  is  opened  for  charging.  These  gases  are  usually  combustible 
and  a  continuously  burning  pilot  light  or  some  form  of  torch  kept 
handy  for  igniting  them  will  avoid  any  unnecessary  delay  caused  by 
their  failure  to  ignite  spontaneously.  As  in  the  case  with  coke  fuel, 
care  should  be  observed  that  the  gases  are  ignited  before  attempting 
to  charge. 

5.     Reductiox  of  Production  Capacity  With  Coal  Fuel,  With 

THE  Usual  Operating  Methods 

The  chief  difficulty  encountered  by  many  gas  companies,  especi- 
ally the  larger  ones,  in  using  bituminous  coal  for  generator  fuel  in 
place  of  coke  is  the  decrease  in  production  capacity  ordinarily  exper- 
ienced with  coal.  Various  operators  have  reported  a  decrease  of  25 
or  30  per  cent  in  the  possible  output  of  the  plant  when  using  coal,  as 
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compared  with  coke.  One  reason  for  this  decrease  seems  to  lie  in 
the  difference  of  the  resistance  of  the  two  fuels  to  the  passage  of  air 
under  the  same  blast  conditions.  The  rate  of  combustion  of  the  fuel, 
and  therefore  the  rate  at  which  it  acquires  a  gas-:making  temperature, 
seems  to  be  roughly  proportional  to  the  amount  of  air  passing  through 
the  fire  in  a  given  time.  If  the  air  volume  passing  is  increased  by 
increasing  the  air  pressure,  then  the  combustion  is  more  rapid,  and 
the  fuel  bed  is  brought  more  quickly  to  the  proper  temperature  for 
decomposing  steam.  In  most  gas  plants  the  blowing  capacity  is 
limited,  and  the  initial  pressure  at  the  base  of  the  generator  is  like- 
wise limited  by  the  type  of  blower  used.  Consequently,  since  the  coal 
fuel  bed  offers  more  resistance  to  the  passage  of  air  through  the  fire 
than  does  coke,  more  air  is  transmitted  at  the  pressure  available  with 
a  coke  fire  than  with  coal,  the  combustion  is  more  rapid,  and  during 
the  run  the  gas  production  is  greater  with  coke.  If  it  were  possible 
to  force  the  same  volume  of  air  through  the  coal  fire  in  a  given  time, 
it  seems  likely  that  the  volume  of  gas  produced  during'  a  given  time 
would  more  nearly  approach  that  with  coke. 

Under  the  usual  operating  conditions,  therefore,  it  will  usually 
take  a  blow  period  longer  in  proportion  to  the  length  of  steam  run 
with  coal  than  with  coke,  in  order  to  bring  the  fuel  up  to  the  same 
working  temperature.  On  account  of  the  greater  amount  of  volatile 
matter  in  the  coal,  the  amount  of  combustible  gas  given  off  during 
the  relatively  longer  blow  period  is  more  than  sufficient  to  maintain 
the  requisite  temperatures  in  the  carburetor  and  superheater;  conse- 
quently the  length  of  blast  period  which  is  suitable  for  the  generator 
overheats  the  other  chambers,  if  the  gas  is  entirely  burned  in  them, 
or  necessitates  the  burning  of  considerable  gas  at  the  stack.  Either 
condition  is  undesirable  and  wasteful.  With  this  condition  of  an  ex- 
cessive production  of  combustible  generator  blast  gases,  it  is  often 
found  impossible  to  burn  them  in  the  set  even  with  the  carburetor 
blast  valve  wide  open  unless  the  volume  of  these  gases  is  decreased 
by  partially  closing  the  generator  blast  valve,  or  the  fuel  bed  is  unduly 
cooled  by  excessive  use  of  steam  during  the  steam  run.  In  either  case, 
however,  the  generator  will  not  attain  the  desired  temperature  so 
quickly.  In  some  plants  where  there  is  an  excess  blowing  capacity, 
it  may  be  advisable  to  cool  the  carburetor  and  superheater  by  over- 
blowing them  rather  than  to  underblow  or  oversteam  the  generator. 
By  any  of  these  methods,  however,  capacity  can  only  be  obtained  by 
sacrificing  a  considerable  amount  of  combustible  gas,  resulting  in  a 
waste  of  fuel. 
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6.     The  Blow-run  Cycle  for  Increasing  Capacitv 

A  system  of  operation  was  tried  out  and  used  successfully,  which- 
enables  a  more  thorough  heating  of  the  generator,  yet  retards  the 
overheating  of  the  other  chambers  and  saves  some  of  the  volatile 
matter  which  would  otherwise  be  wasted.  To  accomplish  this  the 
fire  was  usually  blasted  in  the  regular  way  for  three  minutes,  the 
blast  pressure  being  about  17  to  19  inches  water  pressure  under  the 
grate,  when  both  the  generator  and  carburetor  blast  valves  were  open. 
At  the  end  of  this  blast  period  the  carburetor  blast  valve  (and  super- 
heater blast  valve  when  used)  were  closed.  The  stack  cap  was  closed, 
and  a  blow  varying  in  length  from  15  to  30  seconds  was  made  through 
into  the  relief  holder.  At  the  end  of  this  "blow-run",  as  it  will  be 
herein  designated,  the  generator  blast  valve  was  closed,  the  steam 
and  oil  turned  on,  and  the  steam  run  was  made  in  the  usual  way.  The 
effect  of  this  additional  34-  to  3^-minute  blast  was  beneficial,  since  it 
brought  the  fire  up  to  a  better  gas-making  temperature,  and  yet  did 
not  heat  up  the  other  chambers  to  any  appreciable  degree,  since  only 
the  sensible  heat  in  the  blow-run  gases  was  carried  into  those  cham- 
bers which  were  probably  at  a  higher  temperature  than  the  gases,  the 
temperature  of  which  varies  from  run  to  run.  Since  no  combustion 
was  taking  place  in  them,  the  temperature  remained  stationary,  or 
possibly  decreased  slightly,  which  seemed  to  have  a  beneficial  effect 
on  the  subsequent  oil  cracking.  The  higher  temperature  in  the  fuel 
bed  obtained  by  this  method  resulted  in  a  richer  blue  gas  being  made 
during  the  steam  run  and  this  helped  to  compensate  for  the  relatively 
low  quality  of  the  gas  made  during  the  actual  blow-run  period,  though 
of  course  some  additional  oil  per  1,000  cubic  feet  of  gas  was  required 
to  bring  the  mixture  of  blue  gas  and  blow-run  gas  up  to  standard, 
beyond  that  required  per  1,000  cubic  feet  of  straight  blue  gas  made 
bv  the  usual  method  with  coal  fuel. 

The  volume  of  gas  formed  during  the  blow-run  when  the  blast 
pressure  and  back  pressure  on  the  set  were  normal  was  about  10  per 
cent  to  20  per  cent  of  the  total  make  of  carburetted  gas.  In  composi- 
tion the  blow-run  gas  was  a  rich  producer  gas,^  having  a  calculated 
heating  value  of  about  155  B.  t.  u.,  or  about  45  per  cent  of  the  heating 
value  of  the  blue  gas  formed  during  the  steam  run.  It  contained  about 
60  per  cent  of  nitrogen  and  with  the  nitrogen  present  in  the  blue  gas, 
resulted  in  about  14  to  20  per  cent  of  nitrogen  in  the  finished  car- 
buretted gas.     It  should  be  noted,  however,  that  while  the  blow-run 


'  Technically,  the  term  air-gas  is  used  as  applied  to  the  gas  from  a  producer 
when  air  alone  without  steam  is  blown  tlirough  the  fire 
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cycle  introduces  some  nitrogen  into  the  gas,  the  oxygen  which  ac- 
companied this  nitrogen  in  the  air,  has  been  entirely  removed  by  the 
hot  fuel  bed  and  converted  chiefly  into  carbon  monoxide,  a  combus- 
tible gas.  Therefore  there  is  no  chance  of  forming  an  explosive  mix- 
ture in  the  holder  by  this  method  since  there  is  no  oxygen  present  in 
the  finished  gas.  Since  the  addition  of  nitrogen  is  com])cnsatcd  for  by 
the  use  of  more  oil  and  by  the  formation  of  richer  blue  gas  during 
the  steam  run,  so  that  the  heating  value  of  the  gas  will  be  the  same  as 
it  would  with  the  usual  methods,  there  appears  to  be  little  real  reason 
for  objection  to  the  presence  of  this  additional  nitrogen.  One  of  ihe 
chief  arguments  advanced  against  the  presence  of  inert  constituents 
in  the  gas  is  that  their  presence  reduces  the  temperature  possible  of 
attainment  when  the  gas  is  burned  since  it  is  necessary  to  heat  tliis 
inert  material  to  the  temperature  at  which  the  combustion  products 
are  discharged  from  the  appliance  in  which  the  gas  is  burned.  C(nn- 
putations  from  the  analyses  of  typical  gases  produced  by  the  blow- 
run  and  by  the  usual  method,  show  that  the  difference  between  the 
nominal  flame  temperatures  in  the  two  cases  is  so  small  that  it  would 
be  practically  negligible  even  in  high  temperature  industrial  appliances 
and  especially  so  in  ordinary  domestic  appliances  where  the  tempera- 
tures to  be  attained  in  the  materials  to  be  heated  are  relatively  low. 

Since  with  this  method  more  oil  is  required  per  run,  a  greater 
amount  of  heat  is  absorbed  from  the  carburetor  and  superheater  dur- 
ing this  period.  Thus  the  gas  maker  is  permitted  to  burn  more  of  the 
combustible  blast  gas  in  the  set  without  danger  of  overheating  the 
checker  work.  This  method  also  enables  the  operator  to  increase  the 
capacity  of  his  machine  from  20  to  30  per  cent  over  what  he  could 
obtain  from  coal  without  this  cycle,  and  if  the  operation  is  properly 
timed  so  that  the  blow-run  is  not  made  of  excessive  length  (not  ex- 
ceeding 30  seconds  with  normal  air  blast  and  back  pressure  condi- 
tions) a  distinct  advantage  should  be  realized.  The  amount  of  gas 
oil  which  must  be  used  to  carburet  the  blue  gas  up  to  the  required 
standard,  w^ill  vary  in  different  plants  under  different  conditions.  The 
quality  of  the  oil  used,  the  B.  t.  u.  standard  maintained,  the  weather 
conditions,  the  condition  of  the  checker  work  in  the  carburetor  and 
superheater,  the  daily  operating  time,  and  many  other  conditions  aflFect 
oil  efficiency.  In  the  Streator  plant,  under  the  conditions  existing  in 
the  manufacturing  and  distribution  systems,  during  the  late  summer, 
fall  and  early  winter,  the  Texas  oil  required  to  maintain  565  B.  t.  u.  a 
mile  from  the  plant  amounted  to  between  3.00  and  3.10  gallons  per 
1,000  cubic  feet  of  gas  made  (corrected)  with  this  cycle.  During  the 
warmer  part  of  the  test  period,  the  amount  was  somewhat  less  than 
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this  and  had  more  severe  weather  been  experienced,  the  amount  of 
oil  used  would  doubtless  have  been  somewhat  higher.     The  writers 
of  this  paper  do  not  maintain  that  these  oil  results  could  be  duplicated 
in  all  cases  or  with  inferior  oils.     Large  plants  which  are  unable  to 
obtain  all  their  oil  from  one  source  and  must  at  times  use  mixtures 
containing  inferior  oils  would  doubtless  find  it  difficult  if  not  impos- 
sible to  maintain  the  required  standard  of  quality  with  this  amount 
of  oil,  even  with  weather  and  other  conditions  as  favorable  as  those 
obtaining  at  Streator  during  the  experiments.     On  the  other  hand,  a 
plant  operating  full  time  with  all  other  conditions   favorable  might 
realize  even  better  results.    The  figures  stated  are  simply  for  compar- 
ative purposes  under  the  conditions  with  w^hich  they  were  obtained. 
The  blow-run  gives  the  operator  a  rather  flexible  means  of  con- 
trolling the  heat  balance  in  his  machine.     If  the  temperatures  in  the 
carburetor  and  superheater  tend  to  increase  while  the  generator  cools 
somewhat  a  little  longer  blow-run  for  a  few  runs,  in  addition  to  tlie 
regular  blasting  time,  increases  the  temperature  in  the  generator,  and, 
due  to  the  fact  that  the  increased  volume  of  gas  thus  produced  will 
require  the  use  of  more  oil  per  run,  the  result  is  a  decrease  in  the 
temperatures  prevailing  in  the  carburetor  and  superheater.     Similarly 
decreasing  the  length  of  the  blow-run  has  the  opposite  effect.    In  case 
the  temperatures  of  the  carburetor  and  superheater  are  unduly  low 
when   the   blow^-run   cycle   is   being   used,    it   should   be   ascertained 
whether   these   chambers   are   being   overblown   during   the    blasting 
period.     It  may  aho  be  advantageous  to  make  the  blow  period  a  little 
longer  in  some  cases  rather  than  to  reduce  the  length  of  the  blow-run. 
The  advantages  derived  from  the  blow^-run  may  be  summed  up  as 
follows :    It  enables  the  operator  to  heat  up  his  generator  without 
wasting  the  combustible  gases  produced  during  the  last  part  of  the 
blow,  or  overheating  his  carburetor  and  superheater  in  an  effort  to 
burn  these  gases  completely  within  the  set.     It  enables  him  to  make 
more  and  better  gas  during  the  steam  run  on  account  of  the  higher 
temperature  of  his  generator  at  the  end  of  the  blow-run.    It  saves  for 
use  a  volume  of  blow-run  gas  equal  to  about  20  per  cent  of  the  volume 
of  blue  gas  made  during  the  run,  and  to  increase  his  make  per  run  by 
about  20  to  30  per  cent.     The  indications  from  the  tests  made  have 
been  that  the  amount  of  generator  fuel  used  per  1,000  cubic  feet  of 
uas  made  is  decidedly  lower  with  this  cycle  than  when  no  blow-run 
is  used.     This  naturally  follows  since  the  air  used  during  the  blow- 
run  serves  the  double  purpose  of  heating  the  generator  and  increasing 
the  total  volume  of  gas  made.     Considerably  less  steam  is  required 
per  1,000  cubic  feet  of  gas  made  when  employing  the  blow-run.    Care 
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should  be  exercised  where  this  cvcle  is  used  that  it  be  used  with 
moderation,  and  where  so  used  it  is  believed  that  it  will  be  very  ad- 
vantageous, especially  in  plants  which  are  operating  near  to  capacity 
with  coke  fuel  and  could  not  make  enough  gas  w^ith  coal  fuel  by  the 
usual  methods. 

Even  in  plants  which  are  not  working  near  to  capacity,  the  blow- 
run  cycle  may  be  of  economical  advantage  over  the  use  of  the  usual 
method,  with  coal  fuel.  Although  a  little  more  oil  is  required  to 
carburet  the  gas  produced  from  straight  coal  with  the  blow-run 
method  of  operation  than  without  the  blow-run,  the  shorter  running 
time  to  produce  a  given  amount  of  gas  results  in  less  wear  and  tear 
on  the  machine  and  gives  the  operator  more  time  to  make  necessan* 
plant  repairs  with  the  same  operating  force. 

7.     TnK  Rlow-Run  With  Mixed  Coal  and  Coke 

In  case  a  still  greater  output  capacity  is  desired  than  can  be 
furnished  with  straight  coal  with  the  blow-run  cycle,  this  may  be 
obtained  by  the  use  of  a  small  percentage  of  coke,  up  to  say  25  per 

■ 

cent,  together  with  a  blow-run  of  suitable  length,  depending  upon  the 
air  blast  available,  quality  of  gas  to  be  maintained,  and  hourly  make 
desired.  During  a  run  of  a  few  days  at  the  Streator  plant  with  '2o 
per  cent  coke  and  a  30-second  blow^-run,  the  hourly  output  was  in- 
creased about  6  per  cent  over  that  obtained  during  the  days  immedi- 
ately preceding,  when  100  per  cent  coal  was  used.  The  blast  pressure 
was  practically  the  same  in  both  cases.  During  the  few  days  that 
this  combination  of  conditions  was  tried,  there  was  no  perceptible 
increase  in  the  amount  of  oil  used  per  1,000  cubic  feet  of  gas  to 
maintain  practically  the  same  heating  value. 

8.     The  Air  Purge 

A  form  of  blow-run,  commonly  called  an  **air  purge,"  has  been  used 
in  some  of  the  plants  visited,  but  in  all  cases  it  has  followed  the  steam 
run  instead  of  preceding  it.  The  disadvantage  of  this  procedure  will  be 
readily  seen  when  the  analyses  of  the  blast  gases  produced  just  before 
and  just  after  the  run  are  compared.  The  blast  gases  immediately 
after  the  run  are  very  lean,  since  the  fire  is  cold.  They  contain  usually 
from  seven  to  eight  times  as  much  carbon  dioxide  and  nearly  2o  per 
cent  more  nitrogen,  and  have  a  heating  value  approximately  one-half 
of  the  heating  value  of  the  gases  of  a  blow-run  following  the  regular 
blast  period.  However  it  seems  advisable  to  purge  the  set  of  gas  by 
means  of  the  air  blast,  after  every  run,  if  the  purge  time  is  made  so 
short  that  practically  no  blast  gas  is  blown  into  the  holder.  While 
it  is  usually  presumed  that  at  the  end  of  a  run  the  gas  left  in   the 
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carburetor  and  superheater  is  a  lean  blue  gas,  quite  often  there  is  an 
appreciable  amount  of  oil  gas  present  also,  as  well  as  some  volatile 
matter  from  the  coal,  which  it  is  desirable  to  saye.  The  quality  of 
this  gas  depends  primarily  on  the  amount  of  oil  added  during  the  run, 
the  time  during  which  oil  is  admitted,  the  length  of  the  run  after  all 
the  oil  has  been  admitted,  the  temperature  of  the  fuel  in  the  generator, 
and  the  amount  of  steam  used  during  the  run.  The  time  required 
for  this  air  purge  w^ll  vary  from  5  to  15  seconds,  and  is  chiefly  de- 
pendent on  the  back  pressure.  When  this  back  pressure  is  excessive 
the  time  required  to  purge  the  set  may  be  so  great  as  to  more  than  off- 
set the  advantage  of  an  increase  in  volume  of  gas  made,  which  is 
realized  when  using  the  purge  under  more  favorable  conditions.  The 
proper  length  of  air  purging  time  is  best  determined  by  watching  the 
stack  when  the  lid  is  raised  after  a  run,  and  observing  the  flame.  The 
purging  time  may  be  gradually  increased  until  it  is  observed  that  most 
of  the  rich  gas  has  been  driven  out  of  the  set  previous  to  raising  the 
stack  lid. 

The  advantages  of  the  blow-run  cycle  in  increasing  the  producing 
capacity  of  the  set,  and  in  saving  fuel,  have  been  discussed,  it  being 
assumed  that  in  a  majority  of  plants  there  would  be  no  mechanical 
difficulties  to  be  overcome.  This  is  not,  however,  the  case  in  some 
plants,  especially  the  larger  city  stations.  Owing  to  the  rapid  growth 
of  the  gas  output  in  some  communities,  several  additional  gas  sets 
have  been  added  to  the  original  installation,  without  corresponding 
increases  in  the  connecting  mains  joining  the  sets  to  the  relief  holders 
and  intermediate  apparatus.  It  is  not  uncommon  to  find  a  half  dozen 
sets  making  gas  into  a  main  which  was  originally  designed  for  not 
more  than  half  that  number,  and  frequently  the  pressure  in  the  con- 
necting lines  may  mount  up  to  30  or  40  inches  of  water.  Since  the 
blast  pressure  supplied  by  the  blowers  at  these  plants  is  seldom  in 
excess  of  20  to  24  inches  of  water,  it  is  evident  that  any  attempt  to 
make  a  blow-run  against  such  a  pressure  would  be  futile.  It  is  be- 
yond the  province  of  this  paper  to  discuss  the  soundness  of  the 
engineering  policy  whjch  has  led  to  such  pressures  in  the  collecting 
mains.  It  has  doubtless  been  dictated  by  economic  consideration,  and 
the  fact  which  must  be  faced  is  that  such  conditions  exist.  If  it  is 
decided  by  a  company  that  the  use  of  coal  with  the  blow-run  cycle  is 
feasible,  it  is  an  economic  problent  to  decide  what  expenditure  is 
justified  to  relieve  such  conditions,  in  other  words,  whether  the  saving 
from  the  use  of  coal  would  be  sufficient  to  warrant  the  changes. 

Another  less  serious  mechanical  difficulty  will  be  found  in  plants 
which  are   equipped  with  certain  interlocking  safety   devices   which 
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make  the  operation  of  the  various  valves  follow  a  predetermiiK'l 
sequence.  These  interlocking  systems  are  quite  extensive  and  con - 
plicated  in  some  plants  while  in  others  there  may  be  but  a  simzle 
interlocking  device  or  none  at  all.  One  type  of  gas  machine  in  ven 
common  use  has  a  butterfly  valve  in  the  blast  main  which  closes  whc: 
the  stack  lid  closes.  It  would  not,  of  course,  be  possible  to  niakt  ;. 
blow-run  with  this  device  in  operation,  but  fortunately  it  is  ea-:'; 
disconnected  and  arranged  so  that  the  butterfly  valve  will  be  peni.- 
anently  open,  the  smaller  butterfly  valve  in  the  vent  to  the  air  re- 
maining permanently  closed.  While  it  is  not  desired  to  belittle  tin- 
safety  devices,  it  is  not  believed  that  with  the  usual  care  in  operatit^ 
the  chances  of  damag'e  to  the  blast  main  will  be  greatly  increase*!, 
especially  if  "tell-tale"  pipes  are  led  from  the  inlet  sides  of  the  vari- 
ous blast  valves  to  the  gas-maker's  station,  and  the  usual  cardho.ir! 
heads  are  installed  in  the  ends  of  blast  mains  to  protect  them  hi  ca-^ 
of  explosion. 

Since  the  sequence  of  operations  is  different  with  the  blow-rur 
cvcle  than  with  the  customarv  method,  it  is  necessarv  that  the  onera:-  " 
watch  carefully  when  making  his  valve  changes,  until  he  is  thoroiij^^hly 
accustomed  to  the  new  procedure.  He  must  be  particularly  caref  • 
not  to  leave  the  carburetor  or  superheater  blast  valves  or  the  hfwcr 
hot  valve  open  while  making  the  blow-run,  or  any  of  the  blast  Vii!:- ' 
open  when  making  the  steam  run.  After  a  few  days  of  operation  tl  '■ 
gas  maker  will  become  thoroughly  familiar  with  this  cycle,  and  n< 
more  difficulty  will  be  experienced  in  handling  it  than  any  other  cycle. 

9.     Smoke  Prevention 

Smoke  given  off  by  a  gas  works  or  other  plant  is  of  course  iuxk- 
more  objectionable  in  some  localities  than  in  others.  Some  operat**-- 
whose  plants  are  unfortunately  located  in  or  near  residence  district 
have  feared  the  creation  of  a  smoke  nuisance  from  the  use  of  biting 
inous  coal  as  generator  fuel  more  than  any  other  objection  which  h:t: 
been  raised  in  connection  w-ith  it.  It  is  difficult  to  prevent  the  escaj.>( 
of  smoke  at  times  from  any  gas  plant,  regardless  of  the  fuel  used.  Will 
bituminous  coal  the  possibilities  for  smoke  production  are  soniewh.i 
greater  than  with  coke,  but  by  arrangement  of  the  operating  condi 
tions,  it  is  possible  to  reduce  the  smoke  to  a  minimum,  if  not  entirely 
to  abolish  it.  Smoke  from  coal  in  a  water-gas  set,  as  in  boiler  plan: 
or  other  furnaces,  arises  from  mcomplete  combustion.  If  conditicni 
are  so  adjusted  that  combustion  is  complete  at  all  times,  no  smok 
will  be  produced.  The  greatest  smoke  difficulty  is  found  when  gettiiij 
a  set  up  to  a  working  condition  after  a  long  layover,  and  it  follow 
that  the  difficulty  is  likely  to  be  greater  in  plants  operating  but 
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small  portion  of  the  day  than  in  those  running  nearly  full  time.     If, 
after  cleaning  the  fire  in  the  motning  after  a   layover   of    several 
hours,  a  large  amount  of  green  coal  is  put   in  the  generator   and 
blasted,  the  result  is  the  evolution  of  a  large  amount  of  gas.    This 
gas  by  itself   would   perhaps   be   combustible,   but   it   is   diluted   by 
a  considerable  amount  of  carbon  dioxide   formed  during  the  early 
part  of  the  blasting  period  by  the  combination  of  air  with  the  incan- 
descent  fuel   below.     Also  considerable   steam   is   produced   by   the 
decomposition  of  the  green  fuel  and  by  the  evaporation  of  surface 
moisture.    We  have,  therefore,  a  lean  gas   mixture  carrying  tarry 
vapors  passing  from  the  generator  into  the  carburetor  and  super- 
heater, and  thence  up  the  stack.     The  generator  gases   from   coke 
alone  are  difficult  to  ignite  at  the  very  beginning  of  the  blast,  but 
being  colorless  and  carrying  no  tarry  vapors,  they  are  not  noticed. 
The  problem  then  with  coal  fuel  is  to  bring  the  gases  as  soon  as 
possible  to  a  requisite  degree  of   richness,  so  that  they   will   burn. 
This  is  accomplished  if  the  temperature  of  the  generator  fuel  bed  is 
rapidly  brought  up  so  high  that  a  large  part  of  the  carbon  dioxide 
formed  in  the  combustion  zone  is  reduced  by  the  upper  layers  of  the 
incandescent  fuel,  to  carbon  monoxide.    A  deep  bed  of  incandescent 
coke    soon   produces,   upon   blasting,    combustible    gases.      The    gas 
maker  has  two  alternatives  then,  either  to  start  operation  with  coke 
and  get  the  fire  hot  and  the  generator  gases  lighted  before  charging 
any  coal,  or  if  he  desires  to  be  entirely  independent  of  coke,  he  can 
do  so  by  operating  so  that  considerable  coked  fuel  from  the  previous 
day's  run  remains  in  the  generator  after  cleaning  the  fire.    To  do  the 
latter  he  must  retain  a  fuel  reserve  from  the  preceding  day,  suffi- 
cient to  operate  on  until  the  gases  passing  from  the  generator  are 
rich  enough  to  ignite.     The  method  adopted  at  Streator,  and  found 
to  work  satisfactorily,  was  to  take  only  one  or  two  runs  off  the  last 
:oaling  before  a  layover,  and  when  no  blow-run  cycle  was  in  use,  to 
)last  the  fire  for  two  minutes  before  shutting  down.     No  steam  run 
"ollowed  the  last  blast  in  this  latter  case.     In  this  manner  a  hot  bed 
ji   fuel  was  left  beneath  the  fresh  charge  and  by  the  next  morning 
his   was  largely  converted  into  coke.     The  generator  lid  was   left 
lightly  ajar  over  night,  and  sufficient  air  entered  there  to  burn  the 
olatile  given  off  by  the  coal.    This  helped  to  maintain  the  tempera- 
ure  in  the  carburetor  and  superheater,  but  there  was  no  overheating 
»f    these  chambers.     After  cleaning  the  fire  in  the  morning,  which 
isually  did  not  take  more  than  20  to  40  minutes,  a  considerable  bed 
f   fuel  remained  for  starting  operation.    This  fuel  was  blasted  about 
O  minutes.    At  the  end  of  about  1  to  5  minutes  the  gases  were  com- 
ustible,  and  could  be  lighted  in  the  carburetor.     After  making  one 
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run,  a  charge  of  coal  of  normal  size  was  made,  and  on  the  subsequent 
blast  little  or  no  difficulty  was  experienced  in  igniting  the  gases  and 
burning  up  all  or  nearly  all  of  the  smoke.  After  the  start-up  period 
but  little  difficulty  should  be  encountered  in  overcoming  the  smoke 
nuisance  if  operating  conditions  are  normal,  i.  e.,  (a)  if  the  genera- 
tor is  kept  hot  enough  to  produce  combustible  gas  during  blast, 
(b)  if  the  checker  work  is  hot  enough  to  ignite  the  mixture  of  thi> 
gas  with  the  secondary  air,  as  supplied  by  carburetor  blast,  and  fe) 
if  the  combustible  gas  and  carburetor  air  are  properly  mixed  and 
in 'correct  proportions. 

Some  of  these  conditions  may  be  obtained,  when  lacking,  by  a 
change  in  the  operating  procedure.  For  example,  if  the  heats  in  tlie 
carburetor  and  superheater  are  too  low,  an  increase  in  the  amount 
of  generator  blast  or  decrease  in  the  amount  of  steam  used  durincj 
the  run  are  obvious  remedies.  Where  the  mixing  of  air  and  blast 
gases  in  the  carburetor  and  superheater  is  poor,  it  may  be  remedied 
in  some  cases  by  a  rearrangement  of  ^the  checker  work  spacing,  or 
by  some  device  in  the  secondary  air  inlets  to  carburetor  and  super- 
heater, which  will  cause  the  incoming  air  to  mix  more  intimately  with 
the  blast  gas  from  the  generator.  Such  cases  must  have  individual 
attention,  and  no  specific  suggestion  can  be  given  covering  all  cases, 

10.     Prevention  of  Sticking  of  Valves  Caused  by  Tar  Deposits 

The  gases  leaving  the  generator  when  bituminous  coal  is  used, 
consist  not  only  of  carbon  monoxide,  hydrogen,  and  carbon  dioxide, 
the  usual  constituents  of  water-gas,  but  they  also  include  varying 
amounts  of  hydrocarbons.     Some  of  these  are  pennanent  gases,  but 
present  also  are  tarry  vapors.     These  vapors  are  partially  distilled  in 
their  passage  through  the  set,  and  if  condensed,  deposit  as  a  sticky 
viscous  pitch.     This  pitch  is  in  evidence  at  any  part  of  the  machine 
where  there  is  a  slight  leak,  as  for  example,  at  the  hot  valve  and  the 
carburetor  and  superheater  blast  valves,  around  the  oil  spray  stuffine^ 
box,  and  occasionally  at  the  generator  lid.     This  pitch  is  fairly  fluid 
when  hot,  but  when  cool  is  very  tough  and  viscous,  and  is  likely  to 
cause  valves  to  stick  very  tightly.     This  need  give  little  trouble    if 
preventive  measures  are  taken.     Usually  a   fairly  fluid  mixture   oi 
lubricating  oil  and  flake  graphite,  smeared  occasionally  on  the  valve 
stems,  will  prevent  the  sticking.    Some  operators  have  obtained  bene- 
ficial results  by  tapping  a  small  hole  in  the  valve  bonnet  and  pouring 
a  little  lubricating  oil  into  the  valve  through  this  hole  once  a  dav 
In  general,  troubles  of  this  sort  are  reduced  to  a  minimum   wheij 
proper    temperatures    are   maintained   throughout    the    set    and    thJ 
weight  of  charges  is  not  excessive.     In  plants  operating  with    bu^ 
short  layovers,  very  little  trouble  is  usually  experienced. 
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11.    Control  of  Clinker  From  Central  District  Coals. 

Of  the  half-dozen  coals  tested  at  Streator,  none  has  given  any 
clinker  difficulties  under  the  conditions  of  operation  used  there.  Some 
coals  have  produced  decidedly  more  fusible  clinkers  than  others,  but 
in  all  cases  these  clinkers  have  been  brittle  and  easily  broken  up  for 
removal.  Owing  to  the  short  operating  period,  averaging  about  6.5 
running  hours  per  day,  only  one  clean  per  day  was  necessary,  and  in 
this  period  the  clinker  formed  was  of  just  about  the  proper  thick- 
ness to  be  removed  readily.  In  a  few  cases  it  was  found  that  con- 
siderable carbon  was  fused  in  with  the  clinker,  but  usuallv  the  clinker 
was  verv  free  from  unburned  material. 

The  nature  of  the  clinker  and  the  ease  with  which  it  was  handled 
may  be  attributed  to  a  considerable  degree  to  the  blasting  and  steam- 
ing conditions   which   were  markedly   different   from   those   usually 
employed  with  coke  fuel.    The  steam  used  in  the  generator  averaged 
about  3o  pounds  per  1,000  cubic  feet  of  gas  made.    This  is  somewhat 
more  than  is  ordinarily  considered  good  practice  with  good  coke.   The 
blast  pressure  maintained  under  the  grate  averaged  about  17  inches, 
and  the  amount  passing  through  the  fire,   as   indicated  by  the  air 
meter,  amounted  to  about  1,230  cubic  feet  per  1,000  cubic  feet  of  gas 
made.     This   is  decidedly  lower  than  the  amount  usually   regarded 
as  good  practice  with  coke  fuel.     It  was  possible  to  force  more  air 
through  the  fire  on  only  a  few  occasions,  owing  to  the  limited  cap- 
acity of  the  turbine  blowers  available.    Had  it  been  possible  to  force 
more  air  through  the  fire  in  a  given  time,   it  is  possible  that  the 
clinker  would  have  been  of  a  different  character;  yet  under  the  ex- 
isting  conditions,    fusion   seemed   to   have   been    fairly   complete    in 
most  cases.     The  clinker  was,  in  most  cases,  well  down  on  the  grate, 
and  there  was  little  tendency  to  the  formation  of  side  clinker  (edge- 
ings)  except  in  the  case  of  one  coal.     This  coal  gave  softer  clinker 
than  the   others,  and  fusion  was  seemingly  less  complete.     Where 
more  up   runs  than  down  runs  were  employed,  this  coal  gave  con- 
siderable side  clinker,  and  this  tendency  seemed  to  increase  with  the 
proportion  of  up  runs.     By  alternating  the  up  and  down  runs,  this 
^i(ie   clinker  did  not  form.    With  the  other  coals  it  was  the  usual 
practice  to  make  two  up  runs  after  each  coaling,  and  alternate  all 
other    runs.     Usually,    from   two   to    four   pounds   more    steam   per 
minute  were  used  on  up  runs  than  on  down  runs.    In  general,  it  may 
be  said  that  with  coal  fuel  under  all  conditions  of  operation  tried, 
the  clinker  was  much  more  easily  handled  than  that  from  the -retort 
coke   formerly  employed,  which  was  made  from  a  Harlan  County, 
Kentucky,  coal.     In  mixing  fuels  there  is  a  possible  difficulty  which 
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may  or  may  not  be  encountered,  namely,  the  formation  of  a  clinker 
from  the  mixed  ashes,  much  more  difficult  to  handle  than  the  clinker 
from  either  of  the  components.  This  phenomenon  has  been  observed 
in  some  plants  and  seems  entirely  logical.  The  formation  of  clinker 
is  a  chemical  as  well  as  a  physical  process,  and  the  constituents  pres- 
ent in  the  ashes  of  two  fuels  may  form  a  combined  clinker  which  is 
extremely  obstinate.  In  the  tests  at  Streator  the  coke  used,  which 
was  retort  coke  from  Harlan  County  (Kentucky)  coal,  was  con- 
siderably more  difficult  to  handle  than  the  clinker  from  Illinois  coal, 
but  the  mixture  produced  a  clinker  which  seemed  to  lie  somewhere 
between  the  two  in  workability,  as  though  the  coal  ash  added  com- 
ponents which  made  the  clinker  more  brittle.  Only  experiments 
with  a  given  mixture  of  fuels  could  determine  what  the  outcome  in 
a  particular  case  would  be.  So  little  is  yet  known  about  the  relation 
of  ash  composition  to  fusibility,  or  even  about  the  relation  of  fusi- 
bility to  clinker  fomiation  in  practical  operation  of  a  water-gas  set, 
that  we  have  nothing  to  guide  us  in  the  selection  of  coals  or  mix- 
tures so  far  as  clinkering  properties  are  concerned  except  actual 
trials  on  a  commercial  scale. 

The  clinker   formed  when  operating  with  a  blow-run  may    be 
quite  different  from  that  obtained  with  the  ordinary  method  of  opera- 
tion, this  difference  being  due  primarily  to  the  difference  in  tempera- 
tures prevailing  with   and   without   the   blow-run,    which   has   been 
described  previously  in  this  bulletin.     This  difference  in  character  of 
the  ash  or  clinker  has  a  marked  effect  on  the  hourly  output,  which 
is  more  pronounced  as  the  day  proceeds.     If,  for  example,  a  coal   is 
used  which  does  not   readily  form  a  clinker,  or  whose  ash  is   not 
readily  fusible,  it  may  happen  that,  with  the  usual  blast  employed  with- 
out a  blow-run,  no  solid  clinker  will  form.    In  this  case  ashes  will 
accumulate  and  in  much  greater  volume  than  that  occupied  by  clinker. 
As  the  volume  of  ash  increases,  there  is  of  course  less  incandescent 
fuel  in  the  generator,  and  what  is  commonly  called  a  "cold  generator" 
is  the  result.  With  this  lower  temperature  in  the  generator,  the  cakinir 
and  matting  of  the  generator  fuel  is  more  troublesome. 

The  effect  of  the  accumulation  of  ashes,  along  with  an  increased 
tendency  of  the  coal  to  cake  and  mat  together,  is  an  increase  in  the 
resistance  of  the  fuel  body  to  the  passage  of  air  when  blasting.  This 
results  in  a  further  decrease  in  the  temperature  in  the  generator.  With 
this  condition  it  will  be  found  that  the  fire  will  need  cleaning  oftener, 
and  tl\e  make  per  hour,  or  make  per  run,  will  rapidly  decrease  after  a 
few  hours  running. 
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This  same  coal  may  be  used  with  more  blast,  or  with  the  blow-run 
method  of  operating,  and  form  a  clinker  which  will  occupy  consider- 
.ibly  less  space.  The  matting  is  less  troublesome  with  the  increase  in 
temi)erature  in  the  generator,  and  the  make  per  run  does  not  decrease 
till  much  later  in  the  day,  and  after  considerably  more  gas  has  been 
made. 

sl'(;(;estioxs  for  operatixc^,  wnif  coal  flkl 

it  is  impossible  to  lay  down  rules  for  operation  which  will  ap])ly 
in  all  cases.  The  operator  beginning  the  use  of  coal  must  experiment  a 
little  to  find  the  conditions  which  best  apply  to  his  individual  case. 
I'he  following  suggestions  are  presented  as  a  guide  and  were  appli- 
cable to  the  conditions  at  Streator. 

1.  It  is  well  to  begin  operaticm  with  about  •)()  per  cent  coal,  grad- 
ually increasing  the  percentage  of  coal  in  the  mixture. 

'i.  Select  a  coal  low  in  sulphur.  Most  plants  are  not  c(iuip|)e(l  to 
handle  more  sulphur  in  the  gas  than  will  be  produced  by  1.5  per  cent 
sulphur  in  the  coal.  There  are  several  central  district  coals  having 
sul])hur  percentages  lower  than  this.- 

3.  The  C()€il  should  not  be  too  tine.  It  should  preferably  be  in 
lumps  about  4  by  G  inches  in  size.  Very  fine  material  should  be 
excluded  by  forking  the  coal  with  the  usual  coke  fork. 

4.  When  starting  in  the  morning  do  not  make*  double  cliarges  of 
coal.  This  will  result  in  caking  and  arching,  and  the  result  will  be  a 
c(Ad  generator,  difficult  to  bring  uj)  to  heat,  usually  with  excessive 
smoke  production.  It  is  better  to  have  left  a  deep  fuel  bed  by  making  a 
large  charge  shortly  before  shutting  down  the  night  before.  In  this 
case  the  carburetor  can  be  lighted  and  a  run  made  before  charging  any 
coal.  This  will  give  a  quicker  start,  diminish  the  smoke,  and  result 
in  a  larger  make  from  the  start. 

o.  Build  up  the  generator  fire  by  coal  charges  of  normal  size  (the 
same  weight  as  when  using  coke).  Make  the  charges  at  intervals  of 
>ay  two  nins  until  the  fire  is  up  to  the  usual  working  height,  that  is, 
just  below  the  take-off  connection,  then  charge  at  intervals  of  about 
five  or  six  runs.  Make  the  charges  as  rapidly  as  possible,  to  avoid 
loss  of  time. 

'».  Pnjportion  the  up  and  down  runs  and  the  steam  used  so  that 
the  clinker  will  come  down  to  the  grate  where  it  can  be  readily 
removed.  The  proportion  can  best  be  determined  by  trial.  At  Strea- 
tor most  of  the  coals  did  best  with  three  up  runs  to  two  down  runs, 
r^ually  two  successive  up  runs  were  made  after  charging.  In  sonu- 
cases,  alternate  up  and  down  rims  seemed  more  satisfactory. 


-  C'a<ly.  Ci.  H.,  IjOw-.^uli)hiir  cniila  of  tin-  <«nlr;il  «lislri<  t  :     Illjimis   Minini:   Iint's- 
t  ;:jii^.n  HuU.  23.   1919. 


24 


WATKR-GAS    OPERATING    METHODS 


c 


,00 


c 

3 


ao 


V 


c 

W  pa* 


c  c 

3  C 
I     I 


W-. 


92 

U 


I- 


t-        1-t*^ 


<•       — 


I  — 


s: 


4)  C 
C  o 


O  0. 


C  - 


^2 


o  c 

*-  3 

o  . 

eo  o 


ri     O 

oc 


3 


-=£ 


£ 


T4 

c 

OS  0*0 

fH       -1-1 


—  -,  "^  .  I-:  -^ 

'  ■-  w  I-  M  CO 


<e 


u 

> 


C 

St' 

s 

♦^  • 


•4  -•-> 


£  ^ 

U  3 

(L3: 

ac 

u  3  c 


C^ 


/. 


S3  y 

■Co 

93  ^ 

c  5 
c  « 


c 

3 
3  3 


27 


X     O 


2o..o 


I- 


^  o     .«>      -CI 

.  C-3      ^> 

£•3  3 

•3  C  ' 

3     I    •?! 

CC  -  M 


3 


■So 


h 


I- 


•r. 


M 

^ 


3 


^    ? 


■I'  ;    -. 

■"^  .-1  *  • 


r^!« 


>Xl 


-3    ''^> 


X 


•  rj  O  ;i  M  ro  Tj       ^ 


3. 


-«* 

o 

3  ' 

3 

0 

♦J 

y 

■-I  .' 

CO      ' 

d  ^ 

Oj 

0  z 

«^ 

V  -— 

*** 

♦J 

^^ 

•^M 

^« 

l^.- 

c 

— " 

0  3 

C 

0  -^ 

^ 

0 

C 

> 

'be 

> 

r^ 

. 

K 

7.    — 


4-1  ~' 

«w4 

^t 

'X  1- 

0- 

c 

^00 

•  -r  00 

■V  3 
3  C 

- 1 1-  . 

0 

^<e>-T 

c£ 

•ri' 

f-H 

CO 

1  — 

>     I 


o 
a 


m 


oc 


00 
pO 


/. 


c^  -^  I':       ^ 

I  -    .  eo  O  ^ 


■JC 


S     o 


^  =  0    0=    '- 

-  ~  n     -^  >.     c 


^     £• 


K 


M 


s 

^ 


.'  o 


as  a; 


.r-r-   «   =>5 


O 


/  C  K 

"^      tc 

33    . 

C  O  3 


>.,  *-    ^  ■»-  *-> 


a 

0) 


t;  c 


o   ■ 


j:'3     c 


^  orr 


fc^  3     5    4/  be  i 

—  f-"      ""^    n  •-  X- 


o        3  t-  i,*^ 

o     -  a  a  J 
ba     u  ojp^  ft 


3  3 


D 


N  .-^     3    3  >:^ 


mt  ^   J    rn 

•^       "^  *"  —  3 


^2 


£'" 
^  a 

3  «) 

3 


£  : 

be? 


o  rt  ^- 
3  ^ 


.  d  4)  3 

.^a'o 

.  a-dts 
.  o  V  a< 

.•;:3  3 
tr  t- 1. 


•  w  CO 

*  c*  5 

;j  «  O 

^  —  ?j 

c-.  « 

5J  J-  • 

3  O 

<«  3 


C 
■^< 

<■-* 

03 

d 


WO    E^<;-t; 


a;  to 
P  ft  a 

o  y  ♦- 

3  f5  *" 
ft -^  ~ 

■sj£  ^ 

2  «  p 

CO  cj  !r 
PQMh! 


3'0  o 
3  O  H 

WW    Ih 

IS" 


o 

o 
d 

«3 


3 
CO 

d 
C 


<U 

3 

03 

3 
3 

3 

J*. 

O 
'3 

'3 

C 

d 
ft 


Xi 

d=: 


«  >»3  c       i-  W^ 


_  od^d     --^^ 

„  X  ft<  ^03 


Si  ^ 
o' 


r. 

-  b£ 

3  O 


3  -^  jC 

C  si  C 

C/   X^  73 

^  :=.::  ^ 

3  >  M  Jr 

~  "  3  ft 

i'     50    ?  *? 

X   3*^  33 

IJ  t,  ."  d 


o 
X 

3 


0) 


£  5  s 
3     ^5 

3^  5^ 


d  c;  ^ 

d  fcC*'  I 

-3  3  i.-^ 

■3  C  S 

^  C  V-  •^ 

3  _   w^ 

V-.  3  »-  '-• 

^■3  3S: 

-—  IJ  t 

t:  o  * 

?  cj  w  ;. 

.   5  tcdis 

I    '-'  5      ~ 

^  o  :-  '^ 

'       ft  -*'  a. 

I  d  Cf^  ai 
d     "T" 

,  i^  35  t:  ^ 

I  3  —  •^  ■■- 

-^  3  i 

3  -   i^  "" 

1-  t-  t.  ^ 


•^  —  ? 
■*  •  "•" 
•^  X  r  •- 

3  if  >"^ 

o  d  * 

*£-? 

C,  —  5^ 
d         -   :c 

.  .3  ii  X  - 

♦J       c  . 

I       .-:      -  r-    ^ 

;  2s^s 

^    >    r> 

0^  C3   i  — 

s  — J=sf 

M  "^^  a^  d 

T.  *'   X   _ 

■m^  ^-*  ;•  — ^ 

C     ..3 
t-  3        2^ 

*->,-<  -^ . -« 

^  ii  ;^  — 
^  u  -  — * 

bo     ^-  ^ 

^    C*     w 

t  ^3  _  3  r 
1  di5  c. 

O  c  ^  f 
3    T    »^ 

<y  3  > 

«-»  i.  rj  3 
_  C  -'  C 

c  a. 
^  X  b  be 

■^     4>  ^   B 

*  ^  b 

-<-•  -^  a 


M 


WATKR-GAS    OPKRATING    MKTHOUS  25 

T.  The  length  of  blowing  and  steaming  times  will  depend  upon 
the  blast  and  steam  available.  In  general,  try  to  so  proportion  the 
blow  and  run  that  the  generator,  carburetor,  and  superheater  will 
attain  the  proper  working  temperatures  at  the  same  time.  With  coal 
there  is  a  tendency  for  the  carburetor  and  superheater  to  become  too 
hot  before  the  generator  is  hot  enough.  This  is  usually  partly  over- 
come by  one  or  more  of  the  following  methods:  (a)  By  allowing 
some  gas  to  burn  at  the  stack;  (b)  by  over-steaming  the  generator 
and  thereby  diminishing  the  amount  of  combustible  gas  formed  (this, 
however,  cools  the  generator  still  more)  ;  (c)  by  over-blowing  the 
carburetor  and  superheater;  and  (d)  by  the  use  of  the  blow-rim  cycle. 
Of  these  methods,  the  writers  believe  that  (d)  is  the  most  economical 
and  results  in  the  largest  set  capacity.  If  this  cycle  is  not  desired,  then 
the  use  of  (c)  or  (a)  seems  generally  the  least  objectionable,  where 
conditions  pennit. 

8.  It  is  usually  most  satisfactory  in  the  long  run  to  use  reduced 
steam  and  oil  during  the  first  four  or  five  runs,  while  bringing  up  the 
heats. 

9.  When  adopting  the  blow-run  method,  care  should  be  taken  to 
make  the  blow- run  of  only  sufficient  length  to  maintain  the  proper  heat 
balance  in  the  set  and  to  obtain  the  desired  make  of  gas  without  an 
excessive  expenditure  of  oil. 

10.  Be  sure  that  the  lower  hot  valve  and  carburetor  and  super- 
heater blast  valves  are  closed  before  shutting  the  stack  cap  to  make 
the  blow-run.  Do  not  reverse  the  hot  valves  while  making  the  blow- 
mn.  Close  the  generator  blast  valve  before  turning  on  the  steam  to 
make  the  regular  steam  run. 

11.  If  the  carburetor  and  superheater  remain  cold  when  the  blow- 
run  cycle  is  used,  make  sure  that  they  are  not  being  over  blown  during 
the  blast  period.  Use  only  enough  carburetor  and  superheater  blast 
to  bum  the  combustible  gases  in  the  set.  It  may  be  advisable  to 
lengthen  the  blow  and  increase  the  amount  of  steam,  rather  than 
shorten  the  blow-run.  if  capacity  is  desired. 

1'^.  'i'here  is  considerably  more  tar  produced  with  coal  than  with 
coke  fuel.  The  average  increase  has  not  been  ascertained.  Care 
should  be  taken  that  the  tar  is  removed  from  the  gas  before  it  reaches 
the  purifiers.  The  operation  of  the  tar  extractor,  or  shavings  scrubber, 
especially  should  be  watched. 

13.  The  flanges  on  the  bottoms  of  the  hot  valves  should  be 
removed  occasionally  to  remove  any  deposits  of  carbon  or  carbonized 
tar.  The  presence  of  such  deposits  is  indicated  by  the  failure  of  the 
valves  to  close  tightly. 
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14.  During  layover  periods,  it  is  usually  advisable  to  leave  the 
j^enerator  lid  slightly  open  or  "cracked/'  This  seems  to  assist  in  heat- 
ing the  generator  and  in  burning  off  any  carbon  which  may  have  been 
deposited  in  the  checkerwork  of  the  carburetor  and  superheater. 

15.  There  is  a  tendency  for  hot  valves  and  oil  spray  stems  to 
stick  during  layover  ])eriods.  This  may  be  remedied  by  smearing  the 
stems  with  a  mixture  of  lubricating  oil  and  graphite.  The  introduction 
of  oil  into  the  hot  valve  bonnets  also  seems  to  assist. 

IG.  A  tendency  is  noticeable  for  the  fuel  to  burn  down  more 
rapidly  around  the  generator  wall  than  in  the  center.  In  order  to  avoid 
the  by-passing  of  air  and  steam  between  the  fuel  and  the  generator 
wall,  and  to  ecjualize  the  rate  of  subsidence  of  the  surface  of  the  fuel 
bed,  the  use  of  a  fuel  spreader  when  charging,  is  recommended, 
especially  in  tlie  operation  of  the  larger  sets 

CONCLUSIONS 

The  operating  conditions  with  coal,  which  have  been  described, 
have  been  adopted  for  regular  operation  in  the  Streator  plant.  The 
use  of  coal  in  that  plant  is  preferred,  not  only  by  the  superintendent, 
but  also  by  the  operating  force,  since  it  has  proven  for  that  plant 
economically  advantageous,  has  given  a  larger  hourly  output  than  the 
coke  formerly  used,  and  has  actually  made  working  conditions  easier 
for  the  men  employed,  and  has  given  the  superintendent  the  oppor- 
tunity to  accomplish  more  repairs  and  yard  work  with  the  same  force. 

I'he  small  size  of  the  Streator  plant  and  the  large  over-capacity 
of  its  generating  equipment  make  a  prediction  of  fuel  and  oil  efficien- 
cies attainable  in  a  larger  plant  operating  near  its  capacity  very  diffi- 
cult, if  not  impossible.  This  was  recognized  from  the  beginning  of 
the  tests.  The  plant  is  actually  making  gas  only  slightly  over  one- 
fourth  of  the  24-hour  day.  During  the  layover  periods,  a  certain 
amount  of  fuel  is  being  consumed  without  any  return  in  gas  made ; 
this  makes  the  fuel  per  l.OOO  cubic  feet  of  gas  relatively  high.  Like- 
wise, the  set  must  be  brought  up  to  working  condition  after  a  layover ; 
this  involves  excessive  fuel  consumption  and  reduces  the  oil  efficiency, 
since  the  oil  can  not  be  properly  fixed  until  the  temperature  in  the 
fixing  chambers  is  suitable.  'I'his  usually  consumes  an  hour  or  so. 
which  is  a  very  large  percentage  of  the  working  day. 

While  these  deficiencies  in  a  test  of  this  kind  are  recognized,  the 
investigations  have  served  to  show  operating  methods  and  tendencies, 
to  indicate  the  availability  of  certain  central  district  coals  for  this 
purpose,  and  to  indicate  to  a  certain  extent  what  may  be  expected  on 
a  larger  scale  operation.  The  results  actually  obtained  and  the  details 
of  operation,  including  chemical  studies  of  various  stages  of  the  pro- 
cess, will  appear  in  a  later  publication. 
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It  is  hoped  that  experimental  work  may  be  undertaken  in  the 
near  future  at  a  plant  operating  nearer  full  capacity,  in  order  that  all 
the  possibilities  of  coal  as  generator  fuel  may  be  realized.  In  the 
meantime  it  is  hoped  that  gas  operators  may  be  encouraged  to  try  the 
methods  outlined  in  this  paper  in  their  own  plants.  The  writers  of 
this  paper  will  be  pleased  to  render  any  assistance  possible  to  those 
requiring  it. 
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GAS  PURIFICATION  IN  THE  MEDIUM-SIZE  GAS  PLANTS  OF 

ILLINOIS 

By  W.  A.  DuNKLEY  and  C.  E.  Barnes 

PURPOSE  OF  THE  INVESTIGATION 
For  several  years,  the  Illinois  State  Geological  Survey  Division,  the 
Engineering  Experiment  Station  of  the  University  of  Illinois,  and  the  U.  S. 
Bureau  of  Mines  have  been  carrying  on  a  cooperative  investigation  of  coal 
and  coal-mining  methods  in  the  central  district,  which  includes  the  states 
of  Illinois  and  Indiana,  and  the  western  end  of  Kentucky.  One  division 
of  the  main  investigation  is  the  use  of  coals  of  this  district  in  gas  manufac- 
ture. A  number  of  bulletins  have  been  published  (see  inside  rear  cover), 
dealing  with  various  phases  of  this  subject.  Gas  purification,  the  topic 
discussed  in  the  present  bulletin,  is  a  phase  of  the  subject  which  has  an  im- 
portant bearing  on  the  use  of  central  district  coals  in  gas  manufacture  with 
the  existing  equipment  and  operating  methods. 

One  of  the  chief  problems  confronting  the  gas  operator  in  using  coals 
of  the  central  district  in  place  of  gas  coals  from  Pennsylvania,  West  Vir- 
ginia, and  eastern  Kentucky,  is  the  increased  amount  of  sulphur  which 
must  be  removed  from  the  gas  before  distribution.  This  increase  may  be 
small  or  large,  according  to  the  particular  coal  used,  but  even  the  central 
district  coals  of  lowest  sulphur  content  usually  contain  more  sulphur  and 
yield  more  to  the  unpurified  gas,  whether  coal-gas  or  water-gas,  than  do 
the  best  low-sulphur  gas  coals  from  the  regions  mentioned,  or  the  cokes 
made  from  those  coals. 

Recognizing  this  condition,  it  was  decided  to  make  a  study  of  existing 
purifying  conditions  in  the  gas  plants  in  Illinois,  to  ascertain  to  what  extent 
the  use  of  low-sulphur  central  district  coals  would  overload  the  purifying 
equipment  now  installed,  and  where  changes  in  equipment,  operating 
methods,  or  purifying  materials  might  be  necessary  to  enable  the  various 
plants  to  purify  the  gas  from  central  district  coals  economically,  should 
other  conditions  make  a  more  extended  use  of  these  coals  desirable. 

Inspection  of  Gas  Plants 

The  problem  of  studying  Illinois  gas-purifying  conditions  was 
assigned  to  W.  A.  Dunkley,  gas  engineer  of  the  State  Geological  Survey 
Division,  and  an  inspection  trip  was  made  by  him  to  sixteen  gas  plants.  The 
plants  visited  comprised  nearly  all  of  the  medium-size  plants  of  the  State, 
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including  the  suburban  plants  of  Chicago.  The  urban  plants  of  Chicago 
were  not  studied  at  this  time,  since  it  was  felt  that  on  account  of  their 
large  size  and  special  conditions,  they  might  have  problems  which  were  not 
typical  of  individual  plants  in  smaller  cities. 

Nature  of  Data  Collected 

In  visiting  the  various  plants  an  effort  was  made  to  secure  as  detailed 
information  as  possible  in  the  time  available,  regarding  load  factor,  size 
and  arrangement  of  equipment  for  cleaning  and  purifying  the  gas,  gas 
storage  capacity,  fuels  used,  and  purifying  methods  employed.  A  few 
simple  tests  were  made  in  each  plant  to  determine  the  sulphur  content  of 
the  unpurified  gas  and  the  amount  of  tar  entrained  in  the  gas  entering  the 
purifiers.  Samples  of  spent  purifying  material  and  unused  material  were 
collected  wherever  possible,  in  order  that  information  to  be  gained  from 
chemical  analysis  of  these  materials  might  supplement  the  information 
available  from  inspection  of  the  plants  and  conversation  with  the  operat- 
ors. At  all  stages  of  the  inspection,  hearty  cooperation  was  given  by  the 
gas  men  interviewed,  and  much  interest  was  manifested  by  them. 

With  the  opening  of  the  college  year,  1919-1920,  at  the  University  of 
Illinois,  C.  E.  Barnes,  research  graduate  assistant  in  gas  engineering  at  the 
University,  was  assigned  to  assist  Mr.  Dunkley  in  this  study.  Mr.  Barnes 
devoted  most  of  his  time  to  the  analytical  work  involved  in  studying  the 
purifying  materials  collected  during  the  inspection  of  the  various  plants. 

A  summary  of  the  results  of  these  studies  and  a  statement  of  the  con- 
clusions that  seem  warranted  follow: 

SUMMARY 

To  summarize  briefly,  the  following  purifying  conditions  were  found 
to  exist  in  the  plants  inspected : 

1.  Low-sulphur  eastern  gas  coals  were  being  used  in  practically  all 
of  the  coal-gas  plants  inspected.  These  low-sulphur  coals,  together  with 
the  considerable  percentages  of  water-gas  made  in  most  of  the  plants,  gave 
an  average  HgS  content  in  the  gas  entering  the  purifiers  of  only  250  grains 
per  100  cubic  feet. 

2.  Six  of  the  eight  straight  water-gas  plants  inspected  were  using 
low-sulphur  Illinois  or  Indiana  coals  for  generator  fuel.  The  average 
HgS  content  in  the  unpurified  gas  in  the  water-gas  plants  was  140  grains 
per  100  cubic  feet. 

3.  In  spite  of  the  generally  low  sulphur-content  of  the  gas  to  be 
purified  in  all  the  plants,  75  per  cent  of  the  water-gas  plants  and  50  per 
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cent  of  the  mixed-gas   plants  had   maximum   hourly   gas  productions   in 

excess  of  purifier  capacities.    The  computed  overloads  varied  from  11.5  to 

* 

177  per  cent. 

4.  Only  two  water-gas  plants  and  one  mixed-gas  plant  had  average 
hourly  productions  in  excess  of  purifying  capacity. 

5.  Overload  in  most  cases  was  due  to  lack  of  uniformity  of  load  on 
the  purifiers.  This  in  turn  was  due  to  the  sharp  peak  load  and  insufficient 
holder  capacity.  In  some  cases  the  load  could  probably  have  been  materi- 
ally reduced  by  a  little  more  attention  to  the  rate  of  pumping  gas  through 
the  purifiers. 

6.  Tar  in  appreciable  amounts  was  found  in  the  gas  entering  the 
purifiers  in  nearly  all  the  plants  inspected.  The  spent  oxide  from  all  the 
plants  contained  some  tar.  The  average  tar  content  of  spent  oxides  from 
water-gas  plants  was  6.9  per  cent  and  from  mixed-gas  plants  3.6  per  cent. 
Tar  seemed  to  be  chiefly  responsible  for  low  sulphur  absorption  in  some 
cases. 

7.  The  spent  oxides  from  mixed-gas  plants  had  an  average  sulphur 
content  of  37.4  per  cent,  and  those  from  straight  water-gas  plants  had  an 
average  sulphur  content  of  21.7  per  cent.  Overload  and  tar  seemed  to  be 
mainly  responsible  for  these  conditions  in  some  cases.  In  other  cases, 
operating  methods  seemed  to  be  the  cause  of  these  low  absorptions. 

8.  Revivification  in  place  was  practiced  by  most  water-gas  plants  but 
by  few  mixed-gas  plants  at  the  time  of  inspection.  Only  one  plant  revivified 
oxide  in  the  off-box.  Little  trouble  was  reported  in  that  plant  as  a  result 
of  the  practice,  and  the  operating  costs  were  low. 

9.  Though  several  purifying  installations  are  arranged  for  reversible 
gas  flow,  there  seems  to  be  little  effort  to  realize  the  fullest  advantage 
from  this  arrangement.    The  same  is  true  of  rotation  of  boxes. 

10.  Few  operators  keep  purifying  records  from  which  actual  per- 
formance of  a  particular  batch  of  oxide  or  method  of  operation  can  be 
definitely  determined. 

11.  Few  operators  make  any  systematic  quantitative  tests  on  their 
purifiers  to  determine  performance  of  the  individual  oxide  batches.  In 
several  plants  where  the  necessary  testing  apparatus  is  available,  it  is 
seldom  used. 

12.  It  seems  that  the  greatest  opportunity  for  immediate  improve- 
ment in  purif>'ing  conditions  rests  in  the  establishment  of  a  simple  but 
regular  testing  routine,  together  with  better  purification  records.  The 
analysis  of  fouled  oxides  for  sulphur  and  tar,  even  if  done  by  an  outside 
laboratory,  would,  it  is  believed,  be  worth  while. 
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13.  Total  purification  costs  for  the  year  1919  varied  in  the  plants 
inspected  from  0.5  cents  to  2.25  cents  per  1,000  cubic  feet  of  gas  purified. 
Careful  operation  and  good  facilities  for  the  handling  of  oxide  were 
apparently  responsible  for  low  costs  in  several  cases  where  the  equipment 
was  overloaded.  Different  conditions  prevailing  in  different  plants  pre- 
clude the  possibility  of  drawing  comparisons  as  to  the  effects  of  load,  etc., 
on  costs. 

14.  Few  different  oxides  are  used  in  the  plants  of  the  State.  It  is 
believed  that  more  experimentation  on  the  part  of  gas  companies,  to  find 
materials  best  suited  to  particular  conditions,  would  be  advantageous. 

15.  The  use  of  low-sulphur  Illinois  and  Indiana  coals  as  water-gas 
generator  fuels  is  general  in  the  water-gas  plants  of  the  State.  Though 
the  sulphur  content  of  the  resulting  unpurified  gas  is  in  some  cases  double 
that  of  gas  from  low-sulphur  eastern  cokes,  the  computed  capacities  of  the 
purifiers  is  but  slightly  less  in  the  former  case. 

16.  Low-sulphur  Illinois  coals  in  coal-gas  manufacture  might  de- 
crease computed  purifier  capacities  by  25  per  cent  in  some  cases,  as  com- 
pared with  the  gas  coals  in  use  at  the  time  of  inspection.  This  decrease 
might  be  offset  in  a  measure  by  more  attention  to  selection  of  oxides,  by 
making  the  load  on  the  purifiers  as  uniform  as  possible,  and  by  more 
attention  to  tar  removal  and  purifying  operation. 

17.  In  several  cases  it  appears  that  coals  of  higher  sulphur  content 
could  be  handled  if  existing  equipment  were  rearranged  and  made  more 
flexible  in  operation.  In  a  few  cases  additional  purifying  apparatus  is 
badly  needed. 
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THE  PURIFYING  PROCESS 

The  purification  of  gas,  by  which  in  the  narrower  sense  is  meant  the 
removal  of  the  sulphur  present  in  the  form  of  hydrogen  sulphide  (HgS),  is 
accomplished  by  the  same  process  in  nearly  all  the  gas  plants  of  the  United 
States.  It  was  discovered  about  35  years  ago  that  hydrated  oxide  of  iron 
was  a  much  more  economical  absorbent  for  this  sulphur  compound  than 
slaked  lime  which  had  been  in  use  since  the  beginning  of  the  gas  industry. 

Oxide  of  iron  does  not  remove  sulphur  compounds  other  than  H^S 
present  in  the  gas,  but  since  the  gas  from  most  American  coals  does  not 
usually  contain  any  excessive  amount  of  these  other  sulphur  compounds,  it 
followed  that  purification  with  hydrated  oxide  of  iron  was  adopted  almost 
universally  within  a  few  years  after  its  initial  use  for  this  purpose. 
Hydrated  oxide  of  iron,  when  of  good  quality,  not  only  absorbs  a  large 
amount  of  hydrogen  sulphides,  but  also,  after  sulphiding,  if  exposed  to  the 
action  of  the  oxygen  of  the  air,  undergoes  a  process  of  regeneration 
whereby  iron  oxide  is  again  formed  by  oxidation  of  a  considerable  portion 
of  the  iron  sulphides  present,  free  sulphur  being  liberated.  This  process  is 
usually  called  revivification  by  gas  operators.  After  revivification  the 
material  is  again  in  condition  to  be  used  for  purifying  gas.  Alternate 
sulphiding  and  revivification  may  be  carried  on  until,  with  favorable  con- 
ditions, the  material  may  contain  50  to  60  per  cent  of  sulphide.  It  is  then 
usually  incapable  of  absorbing  more  hydrogen  sulphide  on  account  of  the 
clogging  action  of  the  free  sulphur  and  the  formation  of  more  or  less  inert 
iron  compounds  and  is  replaced  by  new  material.     . 

The  chemical  reactions  involved  in  the  sulphiding  and  regenerating, 
or  revivifying,  processes  are  not  known  with  absolute  certainty.  Various 
chemical  equations  have  been  written  expressing  the  probable  final  reac- 
tions, but  it  is  likely  that  many  secondary  reactions  really  take  place  which 
are  decidedly  more  complex  than  those  given  in  the  text  books.  Since  it  is 
the  intention  to  confine  this  bulletin  to  the  practical  working  phases  of  the 
purifj'ing  process,  no  attempt  will  be  made  here  to  repeat  these  equations 
or  to  go  deeply  into  the  theory  of  the  reactions.  The  reader  is  referred  to 
the  literature  of  gas  manufacture  and  chemistry  for  existing  information 
on  this  subject. 

FACTORS  AFFECTING  PURIFICATION 

Efficiency  and  economy  in  gas  purification  depend  upon  three  main 
factors — equipment,  operating  methods,  and  purifying  material.  The 
effect  of  each  of  these  factors  is  more  or  less  determined  by  existing  plant 
conditions.  Perhaps  the  most  important  condition  affecting  plant  condi- 
tions is  the  load  factor.     Load  factor  as  applied  to  purification  will  here 
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be  designated  as  the  relation  between  the  volume  of  gas  passing  through 
the  purifying  equipment  during  the  hour  of  maximum  production  and  the 
rated  hourly  capacity  of  that  equipment,  as  determined  from  its  dimensions 
and  from  practical  and  theoretical  considerations  pertaining  to  operation 
with  the  usual  purifying  materials. 

Formulas  for  Gas  Purifiers 

Since  the  advent  of  the  gas  industry,  nearly  20  formulas  have  been 
propounded  for  the  dimensioning  of  gas  purifiers.  Many  of  these  were 
based  upon  the  use  of  slaked  lime,  the  predecessor  of  hydrated  oxide  of  iron 
for  purification.  Many  are  indefinite  in  their  terms  and  include  an  insuf- 
ficient number  of  factors  to  make  them  really  applicable  to  present  condi- 
tions. The  formula  of  the  Steere  Engineering  Company^  of  Detroit, 
which  appeared  about  a  year  ago,  is  perhaps  the  most  complete  of  all,  and 
while  there  are  still  factors  which  will  probably  have  to  be  introduced  or 
changed  in  it  when  our  knowledge  of  these  factors  becomes  more  complete, 
the  formula  is  very  useful  and  has  been  used  in  the  computations  of  this 
bulletin.  For  the  convenience  of  readers,  the  Steere  formula  and  some 
information  regarding  its  use  are  given  in  Appendix  A. 

Design  of  Equipment 

In  designing  purifying  equipment  for  a  given  plant,  a  number  of 
things  must  be  considered.  One  of  the  most  important  is  the  output  of 
the  plant,  both  present  and  prospective.  In  spite  of  electric  competition, 
the  output  of  most  gas  plants  is  growing  rapidly;  in  fact,  many  companies 
are  experiencing  difficulty  in  keeping  up  with  the  demand  for  gas.  It  is 
important,  therefore,  to  make  the  purifying  equipment  of  ample  size,  but 
at  the  same  time  the  investment  is  heavy  and  the  interest  on  a  greatly 
oversized  equipment  may  offset  to  a  considerable  extent  the  operating 
advantages  which  might  be  derived  from  extra  large  capacity. 

Load  Factor 

Another  factor  to  be  considered  is  the  distribution  of  load  during  the 
day.  The  rate  of  output  of  most  plants  is  far  from  uniform.  Indeed,  it 
is  not  unusual  for  some  plants  to  put  out  10  per  cent  of  their  daily  produc- 
tion during  the  hour  of  maximum  load.  And  since  storage  capacity  has 
not  usually  grown  apace  with  output,  it  is  frequently  necessary  to  generate 
and  purify  the  gas  practically  as  fast  as  it  is  sent  out.     From  the  figure.^ 
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obtained  from  the  inspection  of  16  gas  plants  of  Illinois,  of  which  8  made 
straight  water-gas  and  8  mixed  coal-  and  water-gas,  it  was  found  that  the 
maximum  volume  of  gas  purified  per  hour  in  water-gas  plants  varied  from 
4.5  per  cent  to  11.2  per  cent  of  the  maximum  daily  output,  with  an  average 
of  7  per  cent ;  and  in  mixed-gas  plants  from  3.6  per  cent  to  9.3  per  cent, 
with  an  average  of  about  6  per  cent.  Since  the  complete  absorption  of 
hydrogen  sulphide  from  the  gas  by  iron  oxide  takes  a  measurable  time,  the 
purifiers  must  be  so  designed  that  even  at  maximum  rate  of  flow  there  will 
be  ample  time  of  contact  between  gas  and  oxide,  even  when  the  oxide  is 
partially  sulphided  and  inactive.  As  the  laws  of  nearly  every  state  rejquire 
that  the  gas  leaving  the  gas  plant  must  at  all  times  be  free  from  any  appre- 
ciable amount  of  hydrogen  sulphide,  the  gas  manufacturer  must  comply 
with  this  requirement  by  whatever  means  he  may.  Oftentimes  when  the 
purifying  equipment  is  heavily  overloaded  or  fuels  run  considerably  higher 
in  sulphur  content  that  usual,  compliance  with  the  law  is  difficult  and 
costly. 

As  an  economic  matter,  the  purifiers  must  be  so  designed  that  they 
will  hold  enough  oxide  to  completely  purify  the  gas  at  the  maximum  rate 
of  flow  for  a  sufficient  time  so  that  it  will  not  be  necessarj'^  to  handle  the 
oxide  too  frequently.  It  is  desirable  that  the  oxide  be  allowed  to  remain 
in  the  purifiers  long  enough  between  revivifications  so  that  it  will  absorb 
a  reasonable  amount  of  sulphur.  The  labor  cost  of  handling  oxide  is  one 
of  the  heaviest  items  of  purification  cost,  and  it  is  therefore  desirable  that 
an  oxide  take  up  a  maximum  amount  of  sulphur  with  the  least  cost  of 
handling.  This  can  be  done  by  making  the  purifiers  large  enough,  due 
consideration  being  given  to  investment  charges. 

Sulphur  Content  of  Gas 

The  sulphur  content  of  the  gas  to  be  purified  is  another  factor  to  be 
considered.  The  gas  industry  has  always  been  a  particular  customer  in 
the  purchase  of  coal,  and  the  sulphur  content  has  always  been  an  important 
specification  where  there  was  otherwise  little  choice  between  coals.  Good 
gas  coals  heretofore  Have  contained  not  exceeding  one  per  cent  of  total 
sulphur,  and  frequently  the  content  of  sulphur  has  been  only  .5  or  .6  of  one 
per  cent.  The  decrease  in  supyply  of  such  superfine  coals  has  caused  gas 
operators  to  look  about  for  possible  new  supplies,  but  while  the  industry 
will  probably  have  to  be  reasonably  particular  so  long  as  present  purifying 
methods  are  in  use,  it  will  probably  be  necessar>'  to  use  coals  of  higher 
sulphur  content  than  would  heretofore  have  been  considered  expedient.  In 
water-gas  not  only  the  sulphur  content  of  the  generator  fuel,  but  also  the 
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sulphur  in  the  enriching  oil  must  be  considered.     Purifying  equipment 
consequently  will  have  to  be  designed  with  these  matters  in  mind. 

The  maximum  permissible  rate  of  gas  flow  through  a  system  of 
purifiers  does  not  vary  inversely  as  the  hydrogen  sulphide  content  of  the 
gas  to  be  purified.  Figure  1,  which  is  plotted  from  the  Steere  formula, 
shows  the  relation  existing  between  maximum  hourly  rate  of  gas  flow 
through  the  purifiers  and  the  hydrogen  sulphide  content  of  the  gas.  The 
curve  represents  the  maximum  hourly  purifying  capacity  with  various  con- 
tents of  hydrogen  sulphide  of  a  plant  which  would  have  a  capacity  of 
100,000  cubic  feet  of  gas  per  hour,  if  the  gas  to  be  purified  contained  200 
grains  of  hydrogen  sulphide  per  100  cubic  feet.^  It  will  be  noted  that  if 
the  sulphur  content  is  multiplied  by  5,  giving  1,000  grains  per  100  cubic 
feet,  the  capacity  is  reduced  from  100,000  cubic  feet  to  66,500  cubic  feet. 
Capacity  in  this  sense  pertains,  of  course,  to  the  hourly  rate  of  gas  flow 
permissible,  not  to  the  capacity  of  the  oxide  for  absorbing  H2S.  If  the 
oxide  in  the  purifiers  could  be  completely  fouled  in  either  case,  it  is  evident 
that  five  times  as  much  gas  containing  200  grains  of  HgS  could  be  purified. 
It  is  evident,  therefore,  that  the  permissible  rate  of  gas  flow  through  the 
purifiers  is  not  directly  proportional  to  the  absorption  capacity  of  the  oxide 
nor  inversely  proportional  to  the  sulphur  content  of  the  gas.  The  rate 
of  the  chemical  reaction  has  an  important  bearing,  but  this  is  not  taken 
directly  into  consideration  in  any  existing  formula  for  the  design  of  puri- 
fiers, though  it  is  indirectly  allowed  for  in  the  Steere  formula. 

Capacity  of  Auxiliary  Equipment 
While  the  capacity  of  the  oxide  purifiers  must  be  designed  to  handle 
the  maximum  hourly  load,  a  properly  designed  system  may  fail  to  accom- 
plish the  complete  purification  of  the  gas  because  of  conditions  existing  in 
other  units  of  the  gas-cleaning  apparatus.  Under  favorable  operating  con- 
ditions, the  purifiers  are  not  usually  called  upon  to  handle  all  of  the 
hydrogen  sulphide  that  is  originally  present  in  the  gas  when  generated. 
Water  and  tar  vapor  condensing  from  the  gas  in  the  condensers,  and  wash 
u'ater  in  the  scrubbers  all  remove  a  certain  amount  of  H2S  from  the  gas. 
In  coal-gas  plants  the  ammonia  present  in  the  gas  has  a  very  important 
part  in  sulphur  removal,  since  it  combines  directly  with  HgS.  There  is 
not  enough  ammonia  present  to  remove  all  the  sulphur,  but  this  incidental 
purification  may  remove  as  much  as  20  per  cent  to  40  per  cent  of  the  HoS 
present  in  the  gas.     If  the  condensing  and  scrubbing  apparatus  is  under- 


>It  mav  be  ob:cctcd  bv  some  that  when  the  gas  contains  no  H2S  at  all  the  capacity  of  the  punfiers 
%-ouM  be  infinite  and  that  there  should  be  conseouently  a  shrrp  rise  in  the  curve.  Practically,  however . 
as  sorn  a»  there  is  ant-  appreciable  amount  of  H2^  present  m  the  f^ps.  the  tme  fa-tor  of  the  reaction 
r*r9i-ecn  H2S  and  hydrated  oxide  of  iron  comes  into  play  necessitating  a  very  a- preciable  time  of 
c<.-t«ct  to  tvnnfv  the  ras.  It  is  often  observed  m  practice  that  it  is  more  diflRcult  to  remove  the  last  10 
fjer  cert  of  HjF  from  the  gas  than  the  first  90  per  cent,  emphasjzir  g  the  fact  that  the  permissible  rate 
of  purification  is  not  inversely  proportional  to  the  H2S  content  of  the  k?s. 
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sized,  not  only  is  this  incidental    purification    diminished,    but    the   oxide 
purifiers  are  forced  to  do  part  of  the  work,  namely,  tar  extraction,  which 
should  be  confined  to  the  first-mentioned  equipment.    Tar  and  oil  vapors 
undoubtedly  have  a  detrimental  effect  on  the  operation  of  the  purifiers. 
since  they  coat  the  purifying  material  and  render  it  partly  inactive.     De- 
spite the  recognized  harmful  effect  of  these  vapors,  there  are  few  plants 
in  which  the  gas  entering  the  purifiers  is  entirely  free  from  them.     In  some 
plants  well  equipped  as  to  purifier  capacity-  this  condition  is  responsible  for 
poor  purifying  results.    Tar  removal  before  purification  is  very  important 
both  as  a  matter  of  equipment  design  and  of  operation,  and  deserves  more 
attention  than  it  usually  gets.    Some  kind  of  test  by  which  the  tar  content 
of  the  gas  entering  the  purifiers  can  be  determined,  should  be  made  regu- 
larly where  purifying  results  indicate  the  possibility  of  this  trouble.     Fre- 
quently a  plant  which  seems  to  need  additional  purifying  capacity  is  really 
in  far  greater  need  of  more  efficient  tar-extracting  apparatus. 

PURIFIER  OPERATION 

Uniformity  of  Load 

Granted    adequate    purifying    equipment,    the    purifying    efficiencies 
realized  will  depend  much  upon  how  the  equipment  is  operated.     First, 
the  handling  of  the  load  may  well  be  considered.     The  hourly  rate  of  gas 
output  from  a  plant  is,  of  course,  out  of  the  control  of  the  gas. manufac- 
turer.    He  must  supply  the  demand  as  needed.     For  the  sake  of  safety  to 
tide  over  any  accident  to  the  gas-producing  equipment,  it  is  usually  con- 
sidered necessary  to  keep  the  gas  storage  holders  as  nearly  full  as  possible 
at  all  times.    If  the  storage  capacity  is  much  undersize,  in  order  to  make 
good  the  output,  it  may  be  necessary  to  purify  the  gas  almost  at  the  rate  of 
output  during  certain  hours  of  the  day.    This  may  necessitate  purifying  the 
gas  at  a  rate  much  in  excess  of  the  rated  purifying  capacity  during  such 
times.     Even  so,  it  may  be  possible  by  attention  to  smooth  out  the  produc- 
tion curve  somewhat.     Figure  2  shows  the  output  and  production  rates  in 
a  tj'pical  water-gas  plant  operating  24  hours  per  day.    The  rated  capacity 
of  the  purifiers  and  the  average  hourly  make  are  shown  by  horizontal  lines. 
It  will  be  noted  that  the  hours  of  large  production  do  not  always  coincide 
with  the  hours  of  large  output.     The  production  curve  crosses  and  re- 
crosses  the  line  of  average  production  not  only  when  the  production  is  near 
the  average  for  a  considerable  time,  but  also  when  it  is  averaging  consider- 
ably above  or  below  the  general  average  for  some  time.     By  careful  atten- 
tion to  the  rate  of  pumping  gas  these  wide  fluctuations  could  probably  be 
prevented  to  a  considerable  extent  with  benefit  to  purifying  operation. 
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Temperature  Control 

Temperature  control  is  another  important  consideration  in  purifier 
operation.  Both  excessively  high  and  excessively  low  temperatures  at  the 
purifiers  should  be  avoided.  The  statement  is  often  made  that  at  low 
temperatures  (below  about  60°F,)  the  sulphiding  reaction  becomes  slug- 
gish. That  there  is  some  difference  of  opinion  relative  to  the  effect  of 
temperature  on  the  purifying  process,  is  indicated  by  the  fact  that  this 
matter  is  now  being  studied  by  the  Purification  Committee  of  the  American 
Gas  Association.  A  temperature  of  about  100°F.  is  usually  thought  to 
give  the  best  results,  and  often  it  is  considered  important  that  the  tempera- 
ture be  kept  up  jn  winter  by  artificial  means  if  necessary.  Formerly  it  was 
the  practice  to  have  the  purifiers  installed  indoors,  but  the  high  cost  of 
building  construction  ^  well  as  successful  experiments  with  outdoor  puri- 
fiers have  resulted  in  a  rapidly  increasing  number  of  outdoor  installations. 
Practically  all  of  the  new  installations  are  of  the  latter  type.  Where  the 
temperature  of  the  gas  has  a  tendency  to  fall  in  winter  much  below  the 
temperatures  above  stated,  it  can  usually  be  kept  up  by  the  installation  of 
steam  coils  in  the  purifiers  or  by  injection  of  steam  into  the  gas  ahead  of 
the  purifiers.  The  latter  practice  may  be  questioned  by  some  operators  on 
account  of  the  amount  of  moisture  which  is  deposited  in  the  purifying 
material,  while  the  iormer  may  be  open  to  objection  on  the  ground  that  it 
dries  out  the  oxide  too  much.  Some  outdoor  installations  are  insulated  to 
diminish  the  drop  in  temperature  during  cold  weather,  but  this  is  not  com- 
mon practice,  at  least  in  Illinois. 

While  a  fairly  high  temperature  is  usually  considered  advantageous  in 
its  effect  on  the  sulphiding  reaction,  the  temperature  of  the  gas  throu^out 
the  condensing  and  purifying  system  should  not  be  maintained  too  high, 
lest  difficulty  be  experienced  in  extracting  the  tar.  A  temperature  much 
above  100°  at  the  inlet  to  the  purifiers,  if  maintained  by  the  original  heat 
in  the  gas  as  generated,  would  usually  necessitate  a  temperature  consider- 
ably in  excess  of  this  back  at  the  tar-extracting  equipment.  It  is  usually 
considered  that  100°  to  110°F.  h  about  the  highest  temperature  at  which 
tar  can  be  extracted  efficiently  by  most  forms  of  tar  extractors,  though 
opinion  may  vary  on  this  point.  During  the  inspection  trip  to  various 
Illinois  plants  by  the  writer,  several  cases  were  observed  where  the 
temperature  at  the  inlet  of  the  purifiers  was  around  120°  to  130°,  but  in 
practically  every  such  instance  there  was  an  excessive  amount  of  tar  being 
carried  into  the  purifiers.  Probably  the  best  results  will  be  obtained  by 
maintaining  a  temperature  of  90°  to  100°F.  at  the  boxes  and  keeping  the 
gas  saturated  with  water  by  the  admission  of  steam  to  the  gas,  or  other- 
wise. 
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Revivification 

OUTDOOR   revivification 

As  previously  mentioned,  the  greatest  advantage  of  hydrated  oxide  of 
iron  as  an  absorbent  for  hydrogen  sulphide  lies  in  its  ability  to  revivify  or 
regenerate  when  after  sulphiding  it  is  exposed  to  the  oxygen  of  the  air. 
Naturally  the  first  method  of  revivification  adopted  was  to  remove  the 
sulphided  material  from  the  purifying  box  and  expose  it  to  the  air.    The 
appearance  of  the  material  as  it  changes  from  the  black  iron  sulphide  to 
red  or  brown  iron  oxide,  is  of  course  a  guide  to  the  operator  by  which  he 
can  determine  with  more  or  less  certainty  when  the  material  is  reoxidized 
and  ready  for  use  in  the  purifiers  again.    The  usual  procedure  in  revivify- 
ing out  of  doors  is  to  put  the  material  in  piles  or  windrows,  perhaps  two 
or  three  feet  high.    When  the  material  begins  to  heat  as  a  result  of  the 
oxidation  process,  it  is  raked  down  into  a  layer  a  foot  or  so  in  thickness, 
and  as  the  surface  reddens,  the  whole  mass  is  turned  over  by  shovel,  this 
operation  being  repeated  until  the  mass  is  of  uniform  color  and  no  longer 
heats.     This  process,  simple  as  it  seems,  requires  considerable  attention. 
The  material  frequently  oxidizes  very  rapidly  upon   removal  from  the 
purifiers,  and  when  it  contains  a  considerable  percentage  of  iron  sulphide 
It  is  likely  to  ignite,  especially  if  in  a  deep  mass  from  which  heat  cannot 
escape  readily.     Overheating  is  detrimental  to  the  further  value  of  the 
material,  rendering  it  inactive.     At  the  same  time,  a  moderate  degree  of 
heat  promotes  the  oxidizing  reaction  without  injuring  the  material.     The 
operator  therefore  usually  cools  hot  spots  in  the  material  by  shoveling  them 
out  and  exposing  the  hot  material  to  the  open  air,  which  rapidly  cools  it, 
rather  than  by  application  of  water,  which  cools  the  material  to  such  an 
extent  as  to  unduly  retard  the  revivification. 

This  method  of  revivification  involves  much  handling  of  the 
material.  Indeed,  since  it  is  not  possible  to  leave  material  in  the  boxes 
until  it  is  completely  sulphided,  it  is  usually  necessary  to  handle  it  a  dozen 
times  or  more  to  get  a  very  good  sulphide  content.  But  since  tjie  sulphid- 
ing and  revivifying  reactions  slow  down  greatly  after  a  time,  the  cost  of 
handling  the  material  may  soon  offset  the  value  of  the  work  it  is  doing. 
Consequently,  material  is  frequently  discarded  long  before  it  contains  50 
to  60  per  cent  sulphur,  which  is  considered  good  operation. 

revivification  in  place 

Naturally  gas  operators  looked  for  a  method  of  revivifying  which 
involved  less  handling  of  oxide,  and  revivification  in  place  was  the  out- 
come.   Two  methods  are  in  use  at  the  present  time,  namely,  (1)  introduc- 
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tion  of  a  small  percentage  of  air  (1  to  2  per  cent)  into  the  gas  ahead  of 
the  purifiers;  (2)  blowing  or  drawing  air  through  a  box  of  material  which 
has  been  shut  off  from  the  remainder  of  the  purifying  system.  Each  of 
these  methods  of  revivification  has  its  advantages  and  disadvantages,  and 
there  are  some  details  of  operation  in  both  cases  on  which  operators  dis- 
agree. 

8 MALL  PERCENTAGE  OF  AIR  WITH   THE  GAS 

One  advantage  of  the  first  method  is  that  it  involves  no  danger  and 
requires  little  attention.  The  air  pump  is  connected  to  the  exhauster  and 
pumps  more  or  less  air  as  the  exhauster  runs  faster  or  slower.  One  obvious 
disadvantage  of  the  first  method  is  the  amount  of  inert  nitrogen  which  is 
introduced  into  the  gas,  if  an  attempt  is  made  to  introduce  enough  air  to 
secure  complete  revivification  in  place.  Although  less  than  0.5  per  cent  of 
air  would  theoretically  be  required  to  accomplish  the  revivification  of  an 
oxide  which  was  being  fouled  with  gas  containing,  say,  100  grains  of  HgS 
per  100  cubic  feet,  as  a  matter  of  fact,  even  2  per  cent  does  not  completely 
accomplish  revivification.  Excessive  nitrogen  of  course  dilutes  the  gas  and 
requires  additional  enrichment,  especially  if  the  gas  is  made  to  conform  to 
a  candle-power  standard.  With  the  heating-value  standard  which  is  for- 
tunately rapidly  replacing  the  candle-power  standard,  this  eflFect  is  not  so 
serious.  The  differences  in  operation  found  in  different  plants  with  this 
method  of  revivification  relate  chiefly  to  the  reversal  of  direction  of  gas 
flow  and  order  of  the  purifiers  with  respect  to  the  condition  of  the  con- 
tained materials.    These  will  be  discussed  in  the  next  section. 

AIR   BLOWN   THROUGH    OXIDE  IN   AN   OFF-BOX 

Revivification  by  forcing  air  through  a  box  of  oxide  after  shutting 
off  the  gas  has  been  employed  in  various  plants  for  a  number  of  years  and 
is  heartily  approved  by  many  operators,  and  as  heartily  condemned  by 
others.  Its  advantage  lies  in  the  fact  that  no  nitrogen  is  admitted  to  the 
gas.  On  the  other  hand,  careful  attention  has  to  be  given  to  it  while  in 
progress,  and  under  some  circumstances  it  may  be  dangerous.  O.  B. 
Evans^  of  Philadelphia  presented  a  paper  before  the  American  Gas  Associ- 
ation recently,  in  which  the  experiences  of  several  companies  in  the  use  of 
this  method  are  given.  From  these  experiences  he  concludes  that  revivifi- 
cation by  this  method  is  a  simple  operation  when  purifying  capacity  is 
ample  and  revivifications  are  frequent,  but  with  overloaded  purifiers 
extreme  care  must  be  used  to  prevent  firing  of  the  oxide.  He  believes  that 
the  best  method  is  to  recirculate  air  (which  soon  becomes  chiefly  nitrogen, 


>0.  B.  Evans,  Revivification  in  place.  pre5?cnted  at  a  meeting  of  the  Amer.  Gas  Assn..  Oct-^bcr, 
1919. 
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since  the  oxygen  is  soon  removed  by  the  purifying  material)  continuously 
through  the  box  and  through  a  cooler  of  the  contact  type,  in  which  it  comes 
in  contact  with  water.  The  water  keeps  the  recirculated  mixture  saturated, 
and  the  water  vapor  helps  to  keep  down  the  temperature  in  the  oxide. 
Arrangement  of  valves  is  niade  thereby  a  small  amount  of  fresh  air  can 
be  admitted  to  the  circulation  and  a  similar  amount  of  inert  gas  expelled 
from  it  as  desired.  The  blower  should  be  of  sufficient  capacity  to  reduce 
channeling  eflFect  and  to  circulate  the  mixture  faster  than  the  rate  at  which 
gas  is  passed  through  the  box  during  operation.  He  states  that  shallow 
boxes  aid  considerably  in  successful  revivification  in  place  on  account  of 
their  greater  radiating  capacity  per  bushel  of  oxide.  With  these  methods 
Mr.  Evans  believes  that  revivification  can  be  carried  out  without  danger, 
channeling  and  excessive  local  heating  being  largely  avoided.  The  suc- 
cessful experiences  of  many  operators  over  a  number  of  years  confirm  th?s. 

REVERSAL  OF  GAS  FLOW  AND  ROTATION  OF  BOXES 

Reversal  of  direction  of  gas  flow  through  the  purifiers  and  the  order 
of  the  various  purifiers  with    respect   to   the   condition   of   the   contained 
oxide,  are  matters  of  considerable  importance  in  connection  with  revivifica- 
tion in  place.     In  both  of  these  matters  the  operator  may  be  limited  by  the 
arrangement  of  his  equipment.     Not  all  plants  are  so  arranged  that  the 
direction  of  gas  flow  in  a  given  box  can  be  reversed;  and  while  a  certain 
amount  of  latitude  is  usually  allowed  as  to  the  order  of  purifying  boxes, 
one  finds  a  number  of  cases  where  the  connections  are  so  arranged  that  the 
possible  number  of  combinations  is  small.     Obviously,  any  group  of  puri- 
fiers must  be  so  connected  that  any  box  can  be  shut  off  for  refilling.     In 
most  of  the  older  installations,  when  one  box  is  off,  the  order  of  the  other 
boxes  is  predetermined,  only  one  arrangement  being  possible.     Reversal 
and  rotation,  as  applied  to  revivification  in  place,  depend  upon  the  principle 
pointed  out  several  years  ago  by  B.  E.  Chollar,  that  iron  sulphide  will  not 
revivify  to  the  oxide  in  the  presence  of  hydrogen  sulphide.    Let  us  assume, 
as  is  frequently  the  case  in  new  purifier  installations,  that  the  gas  enters  at 
the  middle  of  the  box  and  passes  downward  and  upward  through  the  two 
layers  of  oxide  and  comes  out  at  the  top  and  bottom  of  the  box.     The 
lower  layer  will  sulphide  downward  and  the  upper  layer  upward.    If  when 
the  sulphiding  has  extended  say  half-way  through  each  layer,  the  direction 
of  flow  be  reversed  so  that  the  gas  enters  at  the  top  and  bottom  of  the  box 
and  leaves  at  the  middle,  then  the  comparatively  fresh  oxide  in  the  top  of 
the  upper  layer  and  the  bottom  of  the  lower  layer  will  remove  the  HjS 
from  the  gas,  and  any  oxygen  present  will  go  on  and  revivify  the  foul 
upper  part  of  the  lower  layer  and  the  lower  part  of  the  upper  layer.    The 
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frequency  of  reversals  will  depend  upon  the  degree  of  loading  of  the  puri- 
fiers. Where  the  purifiers  are  being  operated  at  normal  capacity,  reversal 
once  a  week  is  often  advised.  With  an  overload,  it  might  be  advisable  to 
to  reverse  oftener. 

Box  rotation  is  another  means  to  accomplish  the  same  end.  Where 
there  are  three  or  more  boxes  in  series,  it  would  seem  logical  to  have  the 
clean  box  first  to  remove  the  HgS  and  the  fouler  boxes  after,  to  be  revivified 
by  the  oxygen  which  had  been  admitted  to  the  gas.  The  following  are 
suggested  orders  of  rotation  of  a  4-box  set,  the  changes  being  made  when 
HgS  appears  at  the  outlet  of  the  third  box: 

1—2  —  3  —  4 
4—1—2—3 
3  _  4  _  1  _  2 
2—3—4—1 

In  this  way  the  most  revivified  batch  is  placed  first  and  the  next 
cleanest  batch  is  always  last  to  take  up  any  traces  of  HgS  which  may  get 
by  the  previous  batches  at  any  time. 

Where  there  are  only  two  boxes  in  series,  especially  those  of  the  non- 
reversing  type,  it  would  hardly  seem  advisable  to  have  the  clean  box  first, 
since  failure  of  the  second  box  to  revivify  for  any  reason  would  leave  no 
active  material  to  intercept  traces  of  hydrogen  sulphide. 

As  stated  earlier  in  this  section,  there  is  no  method  of  procedure  in  the 
matter  of  revivification  in  place,  which  is  accepted  as  best  practice  by  all 
operators.  The  only  way  by  which  any  operator  may  arrive  at  a  satisfac- 
tory conclusion  is  to  try  various  methods  and  arrangements  and  satisfy 
himself  which  method  is  most  applicable  to  his  particular  plant. 

Chemical  Control  and  Records 

In  order  to  secure  and  maintain  good  purifying  efficiencies,  it  is  im- 
portant that  the  operator  know  at  all  times  the  status  of  the  material  in 
each  one  of  his  purifiers.  Knowing  this,  he  will  not  only  be  able  to  judge 
whether  his  method  of  operation  is  satisfactory,  but  he  will  be  able  to 
detect  differences  in  purifying  material  which  might  otherwise  be  obscured 
by  other  conditions.  The  extent  of  the  system  of  tests  and  records  main- 
tained will  of  course  depend,  among  other  things,  upon  size  of  the  plant* and 
the  force  available.  Practically  every  plant  makes  the  simple  lead  acetate 
paper  test,  but  this  is  merely  qualitative.  It  tells  of  the  presence  or  absence 
of  hydrogen  sulphide,  but  gives  little  information  relative  to  the  amount 
present.  The  total-sulphur  test  carried  on  under  the  requirements  of  the 
Public  Utilities  Commission,  at  least  in  the  State  of  Illinois,  gives  informa- 
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tion  only  with  respect  to  the  amount  of  sulphur  in  all  forms  present  in  the 
finshed  gas,  but  gives  no  information  in  regard  to  the  performance  of  the 
individual  purifiers. 

The  introduction  several  years  ago  of  the  Tutwiler  hydrogen  sulphide 
burette  marked  a  distinct  advance  in  the  matter  of  checking  up  purifier 
operation  because  it  gave  the  gas  operator  a  simple,  easy  method  of  study- 
ing his  purifier  performance  without  the  aid  of  a  trained  chemist.  Un- 
fortimately,  the  apparatus  has  to  be  made  of  glass,  and  is  so  shaped  and 
proportioned  that  it  is  easily  broken;  and,  further,  unless  care  is  taken  to 
remove  the  plugs  of  the  glass  stop-cocks  and  insert  pieces  of  paper  around 
them  after  using,  they  are  very  liable  to  become  hopelessly  stuck  in  a  short 
time.  Nevertheless,  with  reasonable  care  the  apparatus  can  be  kept  in  good 
order,  and  the  information  obtained  with  it  is  very  useful.  One  advantage 
of  the  instrument  is  the  short  time  required  to  make  a  series  of  determina- 
tions. Pfobably  after  a  very  little  practice  any  operator,  even  with  no 
chemical  training  whatsoever,  could  make  a  test  of  the  gas  entering  the 
first  box  and  leaving  each  box  of  a  four-box  series,  in  fifteen  or  twenty 
minutes.  By  simple  subtraction  of  the  number  of  grains  of  hydrogen  sul- 
phide found  at  the  outlet  of  each  box  from  the  amount  present  at  the  inlet 
the  amount  of  sulphur  being  removed  by  each  box  would  be  immediately 
known.    The  results  of  a  test  on  a  certain  day  might  be  as  follows: 

H^S  Removed 

Grains  H.^  before  boxes loo 

"         "     after  1st  box 25  75  by  1st  box 

"         "        "     2d     "   10  15  "  2d     " 

«         "        "    3d     "   5  5  "  3d     " 

«    4th    "   o  5  "  4th   " 

Now  5  grains  of  HgS  after  the  third  box  could  probably  be  detected 
by  lead  acetate  paper  as  ordinarily  used  and  would  perhaps  ordinarily  be 
taken  as  a  sign  to  change  the  order  or  empty  a  box,  but  if  this  same  distri- 
bution of  the  work  continued  for  several  days  and  the  last  box  handled  the 
remaining  few  grains  of  H^S  were  absorbed  in  the  last  box  all  right  it 
might  be  well  to  retain  this  order  for  a  time,  since  a  larger  absorption  in 
the  first  box  would  be  accumulating.  A  considerably  greater  sulphur 
absorption  might  be  realized  in  the  first  box  than  would  be  obtained  if  it 
were  emptied  or  reversed  as  soon  as  a  trace,  as  shown  by  lead  acetate  paper, 
was  visible  at  the  outlet  of  the  third  box.  Steere^  states  that  20  to  50 
grains  of  HjS  may  be  safely  passed  to  the  last  box  if  tests  are  made  regu- 
larly, and  the  bpxes  are  properly  proportioned.  He  would  allow  20 
additional  grains  to  pass  to  the  last  regular  box,  where  a  catch  box  is  pro- 
vided. On  the  other  hand,  let  us  assume  that  the  following  results  were 
shown  by  the  tests : 
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HjS  Removed 

Grains  H.S  before  boxes lOo 

"        *'        "    1st  box 80  20  by  1st  box 

"        "    2d     "   20  60  "  2d     " 

"        "        "    3d     "   5  15  "  3d     " 

"        "        "    4th    "   o  5  "  4th   " 

It  would  at  once  be  evident  that  box  No.  1  was  not  doing  its  share  of 
the  work,  since  if  it  were  in  good  condition  it  could  usually  be  expected  to 
do  at  least  60  per  cent  of  the  total  absorption.  It  would  bfc  evident  that 
box  No.  2  was  bearing  the  chief  burden  and  it  would  be  high  time  to 
empty  No.  1  or  reverse  so  that  it  would  clear  up. 

If  such  tests  as  the  above  were  made  faithfully  day  after  day  and 
carefully  recorded  in  a  book  (not  on  loose  scraps  of  paper)  it  is  evident  that 
a  running  record  could  be  maintained  from  which,  knowing  the  amount  of 
gas  metered  per  day,  the  actual  number  of  grains  of  HgS  absorbed  by  each 
box  from  change  to  change  would  be  known.     Knowing  the  number  of 

# 

bushels  of  oxide  in  each  box,  the  volume  of  gas  passing  in  a  given  time,  and 
the  number  of  grains  of  HgS  absorbed  by  each  box  per  100  cubic  feet  of 
gas  passing  through,  it  would  be  very  simple  to  calculate  with  a  reasonable 
degree  of  accuracy  the  number  of  pounds  of  sulphur  absorbed  per  bushel. 
A  sample  record  and  computation  is  given  in  Appendix  B.  Such  results 
would  be  of  far  greater  value  in  determining  relative  merits  of  various 
operating  methods  or  of  various  oxides  than  would  the  usual  record  of  gas 
purified  per  bushel  between  changes,  because  unless  tests  are  made  there  is 
no  way  of  knowing  what  proportion  of  the  purification  should  be  credited 
to  each  box.  Usually  the  first  box  is  credited  with  all  of  the  purification 
on  the  theory  that  in  the  long  run  each  box  will  be  similarly  credited,  and 
will  average  up,  but  during  this  same  time  the  sulphur  content  of  the  gas 
may  change,  or  more  or  less  tar  may  be  carried  forward,  affecting  sulphur 
absorption  so  that  the  actual  performance  may  be  entirely  obscured  by 
other  conditions. 

As  a  final  check  on  operation,  analysis  of  the  oxide  for  suphur  and 
tar  after  each  removal  from  the  box  and  especially  before  discard  would  be 
very  helpful.  Often  a  batch  of  oxide  is  discarded  when  it  is  still  capable 
of  doing  much  useful  work,  and  perhaps  even  more  often  a  batch  is 
returned  to  the  box  at  considerable  expense  of  handling  when  it  might 
better  have  been  discarded.  Even  the  trained  eye  may  sometimes  be 
deceived  in  judging  oxide,  especially  if  it  contains  some  tar.  In  a  paper  by 
Fulweiler    and    Kunberger^    a    method    for    determining    mathematically 
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whether  a  given  batch  of  oxide  is  worth  using  again  has  been  developed. 
The  formula  used  is  given  in  Appendix  C.  It  will  be  observed  that  no 
knowledge  of  higher  mathematics  is  required,  though  one  does  need  to 
know  what  the  batch  has  done  in  the  past  and  what  it  is  capable  of  doing 
as  judged  by  a  simple  laboratory  test.  If  the  operator  were  in  possession  of 
the  facts  derived  from  the  running  record  of  tests  above  described,  together 
with  certain  costs  which  he  should  know  for  intelligent  operation  of  his 
plant,  it  would  not  be  difficult  to  use  the  formula  provided  he  could  make 
or  have  made  an  analysis  of  his  oxide  and  a  laboratory  hydrogen  sulphide 
absorption  test. 

The  writers  of  this  paper  do  not  advise  every  gas  company  large  and 
small,  to  maintain  a  chemical  laboratory  and  a  trained  chemist.  The 
small  companies  probably  could  not  afford  these  refinements.  The  large 
companies  already  have  them,  and  know  their  value.  .  We  will  not  attempt 
to  prescribe  the  minimum  size  of  plant  that  can  afford  a  laboratory.  How- 
ever, many  of  the  smaller  plants  in  this  and  other  states  are  links  in  a  chain 
of  plants.  It  would  seem  feasible  for  a  chain  of  several  plants  to  main- 
tain a  laboratory  and  a  chemist,  to  whom  samples  of  oxide,  ammonia,  and 
other  materials  could  be  sent  for  examination.  The  results  reported  by 
him  from  testing  oxides,  together  with  the  Tutwiler  test  made  by  the 
plant  superintendent  or  other  person,  and  adequate  record  of  purifier 
changes  and  batch  performance,  all  taken  together,  would  suffice  to  put 
purifying  operation  on  a  much  higher  plane  than  it  now  is  in  the  average 
plant.  It  is  believed  that  it  would  also  effect  a  real  economy  in  dollars 
and  cents  within  a  reasonable  time. 

Purification  costs  heretofore  have  usually  been  but  a  small  item  in  the 
total  cost  of  making  and  distributing  gas,  but  with  the  greatly  increased 
cost  of  labor,  it  is  becoming  especially  desirable  to  get  the  greatest  absorp- 
tion of  sulphur  with  the  least  amount  of  handling.  Revivification  in  place, 
with  its  obvious  advantages  where  properly  conducted,  should  become 
much  more  general.  If  difficulties  are  encountered,  careful  inquiries  should 
be  made  as  to  why  they  are  encountered.  Only  by  intelligent  study,  aided 
by  tests  and  good  records,  can  the  best  results  be  obtained. 

QUALITY  OF  OXIDE  FOR  GAS  PURIFICATION 

The  quality  of  oxide  used  for  purifying  gas  is  another  factor  affecting 
efficiency  and  economy  of  purification,  but  this  has  not  as  yet  been  worked 
out  so  that  it  can  be  expressed  mathematically  in  computing  performance 
of  a  given  equipment.  Some  research  work,  having  as  its  object  the  deter- 
mination of  the  effects  of  the  peculiar  properties  of  various  oxides  is  now 
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in  progress,  and  it  is  hoped  to  throw  some  light  on  the  subject  in  a  later 
publication.  At  the  present  time  it  is  recognized  that  oxides  produced  by 
different  processes,  and  indeed  even  oxides  made  by  the  same  process,  show 
variations  in  performance,  but  just  what  are  the  causes  of  these  variations 
and  how  they  can  be  controlled  is  not  now  known. 

Types  of  Hydrated  Iron  Oxides 

Three  main  types  of  hydrated  oxide  of  iron  are  in  use  for  purification. 
These  include: 

( 1 )  Oxides  made  by  rusting  case  iron  borings  in  the  air  with  water 
only,  or  with  accelerating  agents  such  as  sulphate  of  iron,  salt,  etc. 

(2)  Natural  oxides,  which  include  certain  ores  having  the  proper 
chemical  and  physical  condition. 

(3)  Precipitated  oxides,  made  by  the  chemical  precipitation  of 
hydrated  oxides  of  iron  from  the  salts  of  iron  produced  as  by-products 
in    certain    industries   or   from    the  iron-bearing   water   of    some    mines. 

Each  of  these  oxides  has  properties  peculiar  to  itself,  the  reasons  for 
which  are  not  yet  clear.  While  ferric  oxide  (Fe.^0.j)  is  included  in  the 
composition  of  each  and  is  the  reacting  material,  the  presence  of  other 
materials  in  combination  with  it  and  the  physical  structure  of  the  material 
are  of  the  greatest  importance  in  determining  performance.  Ferric  oxide 
by  itself  without  water  of  hydration  is  almost  or  entirely  non-reactive  witK 
hydrogen  sulphide. 

Formerly  the  iron  content  of  a  commercial  material  was  considered  as 
an  index  to  its  value  for  purifying  gas.  While  this  may  be  true  to  a  limited 
degree  when  applied  to  oxides  of  one  type,  it  does  not  hold  in  comparing 
oxides  of  different  types. 

Tests  of  Oxides 

Since  the  absorption  of  hydrogen  sulphide  is  the  main  thing  desired 
from  the  oxide,  it  follows  that  tests  which  will  indicate  the  absorbing  value 
of  a  particular  oxide  are  the  most  logical  ones  to  apply  in  valuing  a 
material.  Such  tests  have  been  devised  but  no  test  which  has  yet  been 
suggested  is  sufficiently  definite  in  its  provisions  and  indicative  of  the 
results  to  be  obtained  in  actual  practice  to  thoroughly  meet  the  require- 
ments of  a  standard  test.  This  is  evidenced  by  the  fact  that  the  Purifica- 
tion Committee  of  the  American  Gas  Association  is  now  endeavoring  to 
devise  such  a  standard  test,  which  will  meet  the  requirements  of  the  gas 
industry  generally. 

One  of  the  simplest  and  best-known  laboratory  tests  worked  out  thus 
far  is  that  of  A.  F.  Kunberger^    (see  Appendix  C).     In  the  Kunberger 
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method  a  small  weighed  sample  of  oxide  is  fouled  by  dry  hydrogen  sulphide 
for  one  hour,  the  water  liberated  by  the  reaction  being  retained  in  a  tube 
containing  granulated  fused  calcium  chloride,  which  is  weighed  with  the 
tube  containing  the  oxide  before  and  after  fouling.  The  gain  in  weight  of 
the  two  tubes  (or  one  tube  containing  both  oxide  and  calcium  chloride 
may  be  used)  is  equal  to  the  weight  of  H^S  absorbed. 

Such  a  test  is  very  useful  in  determining  the  relative  capacities  of 
various  materials  under  the  conditions  of  the  test.  The  test  is  also  said  by 
some  operator's  to  check  practical  operations  quite  closely.  Other 
operators,  however,  place  less  reliance  in  it,  and  in  purchasing  an  oxide  of 
unknown  quality  are  not  satisfied  with  anything  less  than  a  semi-com- 
mercial test.  Such  a  test  usually  consists  in  fouling  two  oxides,  one  of 
known  practical  performance,  the  other  the  unknown  material,  with 
unpurified  gas,  in  a  pair  of  small  purifiers.  These  purifiers  may  contain 
from  a  few  quarts  to  a  few  bushels  of  the  materials  in  one  or  more  layers. 
Sometimes  two  sets  of  two  or  more  purifiers  each*are  used.  The  purifiers 
arc  foUow^ed  by  gas  meters  to  measure  the  gas  passing  through  each  oxide. 
The  test  usually  consists  in  passing  gas  through  both  materials  at  the  same 
rate  and  noting  the  volume  of  gas  purified  by  each  until  the  time  when 
some  hydrogen  sulphide  passes  one  material  as  shown  by  a  test  with  lead 
acetate  paper  at  the  outlet.  The  rate  of  gas  flow  at  the  beginning  of  the 
test  is  generally  at  least  twice  that  usual  in  practice.  Sometimes  when  one 
material  begins  to  pass  hydrogen  sulphide  the  rate  of  flow  is  reduced  until 
absorption  is  complete  and  the  test  continued  at  the  new  rate  until  HgS 
again  passes  the  material.  The  test  may  be  continued  until  both  materials 
are  entirely  fouled  and  in  some  cases  the  materials  after  revivification  are 
tested  again.  Such  a  test  would  seem  to  possess  advantages  over  a  strictly 
laboratory  test,  since  the  same  kind  of  gas  is  used  that  has  to  be  purified  in 
the  works  purifiers  and  the  rite  of  fouling  is  nearer  to  that  obtaining  in 
practice.  On  the  other  hand,  in  small  test  installations  where  the  surface 
of  contact  between  the  oxide  and  the  box  is  usually  relatively  much 
greater  than  in  practice,  there  is  danger  of  the  gas  passing  up  the  sides  of 
the  box  to  a  considerable  extent  and  the  excessive  rates  of  purification  are 
likely  to  cause  channelling.  Another  disadvantage  of  tests  of  this  kind  is 
the  time  required  to  complete  them.  With  rates  of  fouling  approaching 
those  in  practice,  weeks  or  even  months  may  be  required  to  foul  the 
materials. 

In  all  tests  of  oxides,  the  great  difficulty  is  to  interpret  the  results 
fairly  and  with  certainty.  At  present  those  gas  companies  who  make 
extensive  tests  on  oxides  interpret  the  tests  as  best  they  can  in  accordance 
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with  their  own  particular  conditions  and  the  opinions  of  their  own 
engineers,  and  until  a  standard  test  with  carefully  specified  equipment  and 
testing  procedure  is  worked  out,  it  will  be  very  difficult  properly  to 
evaluate  commercial  purifying  materials. 

Activity  and  Capacity  of  Oxides 

The  existing  overloaded  condition  of  the  purifying  apparatus  in  many 
gas  plants  necessitates  more  attention  to  the  activity  or  speeH  oi  oxides  than 
has  hitherto  been  given  to  the  subject.  A  satisfactory  test  must  indicate 
the  relative  activity  of  the  materials  under  test.  At  the  same  time  edacity 
of  oxides  will  remain  an  important  consideration.  The  Steere  formula 
allows  about  6  minutes  time  of  contact  of  gas  with  oxide,  assuming  all  the 
space  occupied  by  the  oxide  to  be  free  space.  The  actual  free  space  in  a 
layer  of  oxide  will  of  course  be  considerably  less  than  the  total  volume, 
depending  upon  the  C02frseness  of  the  material,  a  factor  which  is  continu- 
ally changing  as  the  material  is  used  and  becomes  more  and  more  clogged 
with  sulphur.  A  new  oxide  sponge  might  have  60  to  70  per  cent  free 
space,  and  therefore  the  actual  item  of  contact  would  be  considerably  less 
than  6  minutes  as  mentioned  above.  If,  as  is  sometimes  the  case,  the  time 
of  contact  in  a  heavily  loaded  purifying  system  is  reduced  to  2  minutes  or 
less,  it  is  evident  that  the  rapidity  of  the  material  may  have  a  very  im- 
portant bearing  on  its  value  for  such  a  plant.  It  is  quite  likely  that  various 
factors  could  be  worked  out  applying  to  various  types  of  purifying  oxides, 
which  introduced  into  formulas  for  purifying  capacities  woiild  materially 
alter  the  hourly  capacities  permissible  with  an  equipment  of  a  given  size 
and  arrangement.  This  subject  needs  further  study.  For  the  present  the 
difFerences  in  oxides  will  not  be  considered  in  studying  the  purifying  con- 
ditions in  Illinois  plants.  Computations  will  be  made,  assuming  that  all 
oxides  are  the  same.  In  drawing  conclusions  and  suggesting  remedies  for 
certain  cases,  the  possibility  of  using  more  rapid  oxides  must  be  borne  in 
mind. 

• 

CONDITIONS  FOUND  IN  ILLINOIS  PLANTS 

Having  considered  the  conditions  affecting  purifying  efficiencies,  let 
us  see  what  the  actual  conditions  are  in  Illinois  plants,  so  far  as  can  be 
determined  from  the  information  collected. 

As  was  mentioned  earlier  in  this  bulletin,  sixteen  of  the  medium-size 
plants  of  the  State  were  visited.  Information  was  gathered  relative  to 
load  conditions,  size  and  kind  of  equipment,  operating  methods,,  and  to  a 
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certain  extent,  the  results  obtained.  This  latter  information  was  supple- 
mented by  the  results  of  anal3rses  of  spent  oxide  samples  collected  in  the 
various  plants.  ' 

Upon  returning  to  headquarters  the  information  obtained  was  tabu- 
lated, purifier  capacities  were  computed,  oxide  samples  were  anal3rzed,  and 
the  results  tabulated.  Half  of  the  plants  visited  were  mixed-gas  plants. 
Their  problems  were  somewhat  different  from  those  of  straight  water-gas 
plants,  so  the  data  and  results  have  been  tabulated  separately.  In  accord- 
ance with  an  oral  agreement  under  which  results  were  obtained,  the  tabu- 
lations contain  no  plant  names.  The  writers  will  be  glad  to  inform  any 
operator  as  to  the  designation  of  his  own  plant,  in  order  that  explanations 
may  be  made  in  case  of  misunderstanding  or  difference  of  opinion  as  to 
results  obtained. 

Equipment  Conditions 

The  purifying  equipment  conditions  in  Illinois  plants  are  probably 
the  same  as  those  existing  in  similar  plants  elsewhere.  There  is  the  usual 
combination  of  old  and  new  equipment' which  results  from  piecemeal  con- 
struction. The  old  equipment  has  often  been  outgrown,  but  in  many  cases 
is  still  serviceable,  and  the  usual  policy  has  been  to  increase  capacity  by 
adding  another  purifier,  usually  of  the  outdoor  type,  to  the  older  indoor 
equipment,  retaining  the  latter  in  service.  Such  a  condition  exists  in  about 
half  of  the  plants  inspected. 

While  it  is  of  course  advantageous  to  get  2^  much  economical  service 
as  possible  from  a  given  unit  of  equipment,  it  appears  in  some  cases  that 
the  old  equipment  is  a  drag  on  the  new.  In  making  additions  in  some 
cases,  the  minimum  cost  of  the  addition  has  been  looked  after,  rather  than 
operating  economy.  The  connections  are  so  arranged  as  to  permit  both 
the  old  and  new  equipment  to  be  used  at  the  same  time,  but  with  little 
regard  to  the  flexibility  of  the  system.  The  arrangement  is  often  so  fixed 
as  to  permit  only  one  order  of  the  boxes  in  series.  In  some  cases  there  is  a 
certain  latitude  for  arrangement  among  the  old  units,  but  usually  the  new 
equipment  either  precedes  or  follows  the  old  in  a  fixed  position  relative  to 
it.  Most  of  the  new  purifiers  are  equipped  for  deep  layers  of  oxide  and 
valved  for  reversible  flow,  whereas  most  of  the  old  boxes  have  shallow 
oxide  layers  and  straight  flow.  In  no  case  which  we  recall  is  there  a  com- 
bination of  old  and  new  equipment  in  use,  provided  with  arrangements 
for  perfect  flexibility  as  to  rotation  of  boxes  and  reversibility  of  flow.  In 
about  half  the  plants  are  the  boxes  uniform  as  to  size  and  type  and  com- 
pletely flexible  as  to  arrangement. 
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The  computation  of  purifier  capacity  for  many  of  the  plants  is  a 
rather  complicated  matter.  The  Steere  formula  is  applicable  primarily 
to  boxes  arranged  for  reversible  flow,  though  the  formula  can  be  applied 
to  straight-flow  boxes  by  the  use  of  an  appropriate  factor.  In  some  plants 
where  there  is  a  combination  of  reversible  and  straight-flow  boxes,  it  is 
necessary  to  use  one's  judgment  in  the  selection  of  the  proper  factor,  and 
opinions  of  two  engineers  might  differ  as  to  the  proper  value  of  the  factor 
to  be  taken. 

Purifying  Equipment  of  Individual  Plants 

The  following  is  a  brief  description  of  the  purifying  equipment  of  the 
various  plants  inspected,  together  with  remarks  relative  to  special  condi- 
tions which  seem  noteworthy  and  pertinent. 

Plant  No.  1.  The  purifying  equipment  of  this  straight  water-gas 
plant  consists  of  three  cylindrical  steel  outdoor  boxes,  each  35  feet  in 
diameter  and  13  feet  high.  Each  box  contains  two  layers  of  oxide  4  feet 
deep.  The  arrangement  is  entirely  flexible,  permitting  the  boxes  to  be 
used  in  any  desired  order.  The  direction  of  gas  flow  in  each  box  is 
reversible,  the  gas  entering  between  the  layers  and  leaving  at  the  top  and 
bottom  or  vice  versa.  Southern  Illinois  coal  is  used  as  generator  fuel  in 
this  plant  and  the  gas  at  the  purifier  inlet  contained  180  grains  of  H.^S 
per  100  cubic  feet  at  time  of  inspection.  The  computed  hourly  capacity 
of  the  purifiers  is  240,000  cubic  feet,  or  nearly  2.2  times  the  maximum 
hourly  make  reported.  The  installation  is  therefore  oversize  and  with 
good  oxide  would  permit  the  use  of  coat  of  considerably  higher  sulphide 
content,  if  other  conditions  made  it  desirable.  The  cost  of  purification  per 
thousand  cubic  feet  in  this  plant  should  be  very  low,  unless  the  capital 
charges  on  an  equipment  so  considerably  oversize  are  excessive.  No  figures 
relative  to  capital  charges  are  available.  Analyses  of  spent  oxide  from  thi^ 
plant  indicate  that  best  results  are  not  being  realized  from  this  equipment, 
the  sulphur  absorption  per  bushel  not  being  nearly  so  high  as  in^  several 
other  water-gas  plants  that  are  much  more  heavily  loaded. 

Plant  No,  2.  The  purifying  equipment  in  this  plant  consists  of  tw^o 
cylindrical  dry-seal  straight-flow  indoor  boxes,  18  feet  in  diameter  and  9 
feet  deep.  Each  box  contains  two  4-foot  3-inch  layers  of  oxide.  The 
generator  fuel  used  at  time  of  inspection  was  eastern  coke  and  the  H^S 
content  of  the  unpurified  gas  was  100  grains  per  100  cubic  feet.  The 
computed  hourly  capacity  of  the  boxes  was  39,800  cubic  feet  of  gas,  which 
could  theoretically  be  increased  to  about  52,000  cubic  feet  per  hour  by 
arranging  for  reversible  flow,  while  the  maximum  hourly  make  -was  re- 
ported as  110,000  cubic  feet.    The  sulphur  absorprion  per  bushel  in  this 
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plant  was  low,  as  would  be  expected  in  a  plant  so  overloaded.  The  situa- 
tion was  complicated  by  insufficient  condensing  apparatus  and  by  a  relief 
holder  having  but  one  connection,  giving  but  slight  opportunity  for  any 
cooling  of  gas  in  the  holder.  At  the  time  of  inspection  the  gas  was  enter- 
ng  the  boxes  at  a  temperature  of  about  120°F.  and  was  carrying  much 
tar  fog.  Analyses  of  spent  oxide,  however,  indicate  that  this  Is  not  a  ycar- 
around  condition.  The  purifying  condition  in  this  plant  were  the  most 
unfavorable  observed  in  the  State,  and  it  is  greatly  to  the  credit  of  the 
operators  that  they  succeeded  so  well  in  supplying  clean  gas  to  the  public. 
The  shortcomings  of  the  present  cleaning  and  purifying  systems  are  realized 
by  the  management,  and  extensive  improvements  are  projected. 

Plant  No.  3.  The  equipment  of  this  water-gas  plant  consists  of 
three  dr>'-scal,  oblong,  indoor  boxes  16  feet  by  12  feet  horizontal  section, 
and  12  feet  deep.  Each  box  contains  two  5-foot  layers  of  oxide.  These 
boxes  were  originally  designed  for  reversible  flow.  The  superintendent 
conceived  the  idea  that  the  capacity  would  be  increased  by  making  straight- 
flow  boxes  of  them.  The  computed  capacity  was  thereby  reduced  from 
55,200  to  40,800  cubic  feet  per  hour  with  gas  containing  190  grains  per 
100  cubic  feet.  Whether  decrease  in  efficiency  has  resulted  from  the 
change  would  be  extremely  difficult  to  determine,  since  recent  improve- 
ments in  the  tar-extracting  apparatus  have  probably  increased  efficiencies 
to  a  far  greater  degree  than  the  change  referred  to  decreased  them.  Since 
the  purifiers  are  now  overloaded  nearly  100  per  cent,  a  return  to  the  former 
arrangement  which  would  involve  very  little  expense,  is  suggested. 

Plant  Na.  4.  This  is  an  up-to-date  small  water-gas  plant.  The 
purifjing  equipment  consists  of  two  cylindrical  reversible  flow  outdoor 
boxes  14  feet  in  diameter  and  10  feet  high,  each  containing  two  layers  of 
oxide  43^  feet  deep.  The  computed  maximum  hourly  capacity  is  25,000 
cubic  feet  of  gas,  containing  175  grains  H^S  per  100  cubic  feet,  and  the 
reported  maximum  hourly  make  is  22,000.  Since  no  air  is  admitted  for 
revivification  the  reversibility  of  these  boxes  is  a  matter  of  less  consequence 
than  would  other\vise  be  the  case  and  the  actual  capacity  is  probably  less 
than  the  computed.  The  plant  is  seldom  operated  more  than  12  hours  per 
day.  In  addition  to  these  working  boxes  there  are  four  square  indoor 
water-seal,  straight-flow  boxes,  10  feet  in  diameter  and  4  feet  deep, 
designed  to  hold  one  3-foot  6-inch  layer  of  oxide  each.  These  boxes  are 
relics  from  a  former  coal-gas  plant.  They  are  connected  by  a  center  seal, 
so  that  only  three  of  them  can  be  in  service  at  one  time.  The  feasibility  of 
putting  these  boxes  into  service  so  as  to  permit  the  use  of  generator  fuel 
(bituminous)  of  higher  sulphur  content  has  been  considered.  Inasmuch 
as  the  coal  suggested  for  use  gives  about  400  grains  of  HgS  in  the  gas,  and 
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the  two  boxes  now  in  use  would  have  a  computed  maximum  hourly  capacity 
of  22,600  cubic  feet  of  gas  of  that  sulphur  content,  it  hardly  seems  that  the 
slightly  increased  hourly  capacity  to  be  obtained  from  the  small  old-tj-pe 
boxes  would  warrant  the  expense  of  putting  them  into  service  and  the 
inconveniences  attending  their  use. 

Plant  No.  5.  The  purifying  equipment  of  this  plant  was  originally 
designed  for  coal  gas.  Extensive  necessary  repairs  to  the  coal-gas  equip- 
ment, difficulty  of  securing  efficient  retort-house  labor,  and  the  economies 
realized  from  making  water  gas  from  bituminous  coal  have  resulted  in  at 
least  temporary  abandonment  of  the  coal-gas  equipment  except  in  so  far  as 
it  could  be  utilized  in  handling  the  water  gas.  The  purifiers  include  two 
oblong  dry-seal  indoor  boxes  15  by  10  by  8  feet  deep,  each  containing  two 
layers  of  oxide  3^  feet  deep,  and  one  square  dry-seal  box  20  by  20  by  5 
feet  deep,  containing  one  layer  of  oxide  4^  feet  deep.  The  boxes  are  all 
of  the  straight-flow  type.  The  large  shallow  box  can  be  used  only  as  a 
catch  box,  being  necessarily  last  in  the  series.  The  computed  capacity  of 
the  purifiers  is  32,700  cubic  feet  of  gas  per  hour,  and  the  overload  during 
hour  of  maximum  make  is  about  22  per  cent.  The  present  arrangement 
of  the  boxes  fulfills  present  needs  quite  well.  By  arranging  the  two  deep 
boxes  for  divided  and  reversible  flow,  the  capacity  could  be  increased  to 
about  36,500  cubic  feet  per  hour.  The  purifying  costs  reported  are  quite 
low. 

Plant  No.  6.  The  purifying  equipment  of  this  water-gas  plant  con- 
sists of  two  rectangular  indoor  boxes  16  by  12  by  11^^  feet,  each  contain- 
ing two  5 -foot  layers  of  oxide,  in  parallel  with  two  boxes  20  by  20  by  5 
feet  containing  one  4-foot  layer  of  oxide  each.  The  deeper  boxes  are 
arranged  for  reversible  flow,  but  the  shallow  boxes  have  straight  flow  only. 
The  computed  capacity  of  the  system  as  now  arranged  is  about  60,000 
cubic  feet  per  hour.  The  overload  at  the  time  of  maximum  make  is  about 
67  per  cent.  It  is  understood  that  a  rearrangement  of  the  boxes  whereby 
all  the  boxes  w^ould  be  in  series,  has  been  considered.  If  such  a  change 
were  practicable  from  other  considerations,  the  capacity  would  be  increased 
slightly  but  probably  not  sufficiently  to  pay.  On  the  other  hand,  if  plenty 
of  overhead  room  is  available,  and  it  were  practicable  to  double  the  depth 
of  the  two  shallow  boxes,  making  two  layers  in  each  box,  and  to  arrange 
the  whole  system  for  reversible  flow  throughout,  the  capacity  would  be 
increased  to  over  100,000  per  hour  or  to  about  the  present  maximum 
hourly  production  of  the  plant. 

Plant  No.  7.  This  large  suburban  water-gas  plant  is  equipped  with 
four  rectangular  water-sealed  indoor  boxes  each  containing  two  5-foot 
layers  of  oxide.    The  gas  flow  in  each  box  is  reversible,  gas  entering  at  the 
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middle  and  leaving  at  the  top  and  the  bottom  of  the  box  or  vice  versa. 
Rotation  of  the  boxes  can  be  accomplished  in  only  one  direction,  as:  1  — 
2  —  3  —  4,     2  —  3  —  4  —1,    etc.,  but  not  4  —  3  —  2—  1,  etc. 
The  computed  hourly  capacity  of  the  system  is  about  206,000  cubic  feet. 
It  is  about  40  per  cent  overloaded  at  time  of  maximum  production.  The 
purifying  costs  in  this  plant  are  the  lowest  reported  by  any  plant  inspected. 
The  spent  oxide  from  this  plant  showed  a  sulphur  content  rather  above 
the  average.     The  tar  content  was  higher  than  the  average  found  in  all 
the  plants  and  indicated  that  an  excessive  amount  of  tar  had  been  allowed 
to  enter  the  boxes  at  some  time  during  the  life  of  the  oxide.    At  the  time 
of  inspection,  the  gas  entering  the  boxes  was  reasonably  clean.     The  indi- 
cations are  that  purifying  results  could^be  improved  somewhat  if  the  load 
curve,  shown  in  Figure  2,  could  be  smoothed  out,  making  the  production 
through  the  boxes  more  uniform. 

Plant  No.  8.  This  suburban  water-gas  plant  has  two  sets  of  purify- 
ing boxes  in  parallel.  One  set  consists  of  four  rectangular  indoor  boxes 
connected  by  a  center  seal  which  permits  the  use  of  only  three  boxes  at  a 
time.  Each  box  is  24  by  24  by  7  feet  deep  and  contains  two  layers  of 
oxide  3  feet  deep.  The  other  set  of  boxes  consists  of  four  boxes,  each  16 
by  16  by  4%  feet  deep.  Each  box  contains  a  single  layer  of  oxide  2^^ 
feet  deep.  Three  of  the  boxes  are  interchangeable,  viz.,  any  one  of  them 
can  be  made  first  box,  but  the  position  of  one  box  fixes  the  order  of  the  set. 
The  fourth  box  of  the  set  is  a  catch  box  and  is  always  at  the  end  of  the 
series.  All  the  boxes  in  both  sets  are  arranged  for  straight  upward  flow. 
The  computed  maximum  capacity  of  the  two  sets  of  boxes,  as  now 
arranged,  is  about  100,000  cubic  feet  of  gas  per  hour.  The  capacities  of 
the  two  sets  are  so  different  (about  4  to  1)  that  any  rearrangement  by 
placing  in  series  would  probably  not  be  feasible.  The  set  of  larger  boxes 
has  a  present  capacity  of  about  80,000  cubic  feet  of  gas  per  hour.  If  a 
new  valving  sv^tem  could  be  installed,  putting  the  fourth  box  into  use  and 
permitting  reversal  of  flow,  the  capacity  of  the  set  would  be  approximately 
doubled,  giving  the  entire  system  a  total  capacity  of  180,000  cubic  feet, 
more  or  less,  per  hour,  which  is  about  equal  to  the  present  maximum  flow 
through  the  purifiers. 

Plant  No.  9.  This  plant  produces  about  60  per  cent  water-gas  and 
40  per  cent  coal-gas.  Each  kind  of  gas  has  an  independent  condensing 
system  and  the  gases  are  mixed  at  the  inlet  of  the  purifiers.  The  purify- 
ing equipment  consists  of  six  boxes.  Of  these,  four  indoor  boxes  are 
arranged  in  two  pairs,  the  members  of  each  pair  being  connected  in  parallel 
and  each  pair  acting  as  one  divided-flow  but  non-reversible  box.  The 
paired  boxes  are  16  feet  square  in  horizontal  section  and  contain  one  layer 
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of  oxide  each,  three  feet  deep.  The  remaining  boxes  include  an  outdoor 
cylindrical  steel  box  25  feet  in  diameter  and  10  feet  high,  containing  two 
4-foot  layers  of  oxide,  and  an  indoor  catch  box  16  by  16  by  4  feet  deep,  con- 
taining one  4-foot  layer  of  oxide.  The  paired  units  and  the  cylindrical  box 
can  be  arranged  in  various  orders  asl  —  2  —  3,  3  —  1  —  2,  and 
2  —  3  —  1.  The  direction  of  flow  except  in  the  cylindrical  box  is  non- 
reversible. The  history  of  the  development  of  this  installation  is  not 
known.  It  seems  likely  that  the  original  installation  consisted  of  a  four- 
box  set  arranged  with  a  center  seal  as  is  common  in  old  installations.  In 
adding  to  the  original  equipment,  an  arrangement  was  made  which  is  more 
flexible  than  is  found  in  many  plants.  The  computed  hourly  capacity  is 
about  70,000  cubic  feet  per  hour,  which  is  ample  for  present  needs. 

Plant  No.  10,  This  mixed-gas  plant  puts  out  about  90  per  cent  coal 
gas  on  the  average.  The  peak  load  on  the  purifiers  is  rather  sharp,  the 
maximum  hourly  production  being  about  9.5  per  cent  of  the  maximum 
daily  production.  The  purifiers  include  two  cylindrical  outdoor  boxes  15 
feet  in  diameter  and  12  feet  high  arranged  for  reversible  flow.  Each  box 
contains  two  5-foot  layers  of  oxide.  The  computed  maximum  capacity  is 
about  30,000  cubic  feet  per  hour  and  since  the  maximum  hourly  produc- 
tion through  the  boxes  is  said  to  be  75,000  cubic  feet,  there  is  a  large  load 
factor.  The  storage  capacity  in  this  plant  is  about  65  per  cent  of  the  max- 
imum day.  Water-gas  and  coal-gas  are  cleaned  separately  and  mixed  at 
the  inlet  of  the  boxes.  The  coal-gas  production  will  probably  average 
around  540,000  cubic  feet  per  day,  with  an  hourly  production  of  about 
20,000  cubic  feet.  The  maximum  daily  gas  output  from  the  plant  is 
reported  to  be  about  800,000  cubic  feet,  which  indicates  that  the  maximum 
water-gas  production  may  be  about  32.5  per  cent.  The  overload  on  the 
purifiers  then  is  evidently  due  to  the  pumping  of  water-gas  through  the 
purifiers  at  an  exceptionally  high  rate  during  peak  load.  It  would  seem, 
however,  that  if  the  maximum  hourly  output  of  the  plant  for  a  peak  lasting 
say  four  hours  at  a  time  averaged  no  greater  than  the  reported  maximum 
make  through  the  boxes,  namely,  75,000  cubic  feet  per  hour,  and  if  the 
holders  were  full  at  the  beginning  of  the  peak,  there  would  be  no  necessity 
of  pumping  gas  through  the  purifiers  so  fast,  even  were  it  ncessar>^  to  retain 
the  city  holder  two-thirds  full  at  all  times.  Even  were  the  load  curve 
smoothed  out  as  much  as  possible,  with  the  existing  storage  capacity  it  is 
likely  that  there  would  be  a  considerable  overload  during  maximum  hours. 
The  logical  extension  of  the  purifying  system  would  seem  to  be  the  instal- 
lation of  another  box  similar  to  those  now  in  place.  Another  such  box 
would  bring  the  hourly  capacity  up  to  about  50,000  cubic  feet  per  hour. 
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Plant  No.  11.  This  small  mixed-gas  plant  has  an  average  output  of 
about  200,000  cubic  feet  of  gas  per  day,  of  which  about  one-fourth  is 
water-gas.  The  maximum  hourly  purification  is  about  12,000  cubic  feet. 
The  purifying  equipment  consists  of  two  cylindrical  outdoor  purifiers,  15 
feet  in  diameter  and  12  feet  high,  containing  two  5-foot  layers  of  oxide 
each.  The  flow  is  divided  and  reversible.  The  computed  capacity  of  these 
purifiers  is  about  30,000  cubic  feet  per  hour ;  therefore  the  system  is  much 
underloaded.  It  would  be  interesting  to  know  the  capital  charges  on  an 
oversize  system  of  this  kind,  but  no  figures  are  available.  The  size  of  the 
purifiers  is  ample  to  care  for  the  growth  in  output  for  some  years  to  come. 

Plant  No.  12.  The  purifying  equipment  of  this  plant  which  produces 
only  10  to  15  per  cent  water-gas,  consists  of  four  water-6ealed  indoor  boxes 
16  by  16  by  7.5  feet  deep,  each  containing  two  layers  of  oxide  2.75  feet 
deep.  Three  of  the  boxes  are  arranged  for  rotation,  the  possible  arrange- 
ments being  1  —  2  —  3,  2  —  3  —  1,  3  —  1  —  2,  but  not  the  reverse. 
The  fourth  box  acts  as  a  catch  box  and  is  always  in  last  position.  The 
computed  capacity  of  this  installation  is  about  44,800  cubic  feet.  If  the 
boxes  were  valved  for  divided  reversible  flow,  and  2  per  cent  of  air  used 
for  revivification  in  place,  the  computed  capacity  would  become  about 
61,000  cubic  feet  per  hour.  At  present  the  installation  is  about  25  per  cent 
overloaded  at  time  of  maximum  hourly  production,  but  since  the  load  is 
being  handled  well  and  the  cost  of  purification  is  low,  there  is  little  reason 
for  making  a  change.  The  use  of  higher  sulphur  coals,  if  desirable  or 
necessary  for  other  reasons,  might  make  the  suggested  change  advisable. 

Plant  No.  13.  The  original  purifying  equipment  of  this  plant,  which 
makes  about  40  per  cent  water-gas,  consisted  of  two  rectangular,  water- 
sealed,  indoor  boxes,  each  16  by  24  by  5  feet  deep  and  containing  one 
layer  of  oxide,  4  feet  4  inches  thick.  A  cylindrical  outdoor  box,.  15  feet  in 
diameter  and  12  feet  high,  containing  two  5-foot  layers  of  oxide  was  subse- 
quently installed.  The  new  box  is  of  the  divided-flow  reversible  type.  On 
account  of  tar  trouble,  the  first  rectangular  purifier  was  emptied  and 
refilled  with  shavings  to  act  as  a  shavings  scrubber.  The  remaining  rect- 
angular box  and  the  new  outdoor  box  have  a  combined  capacity  of  about 
26,000  cubic  feet  of  gas  per  hour.  As  is  common  in  piece-meal  installa- 
tions of  this  kind,  there  is  little  opportunity  for  rotation  of  boxes;  indeed 
in  this  plant  there  is  only  one  arrangement  possible.  The  rectangular  box 
is  alwajrs  first  in  series,  and  the  only  change  possible  is  reversal  of  flow  in 
the  second  box.  The  overload  during  maximum  hour  is  only  about  15 
per  cent  and  there  seems  little  reason  for  making  a  change  on  that  account. 
Greater  flexibility  with  respect  to  rotation  of  boxes  would  be  desirable  and 
would  probably  permit  a  more  nearly  complete  fouling  of  the  oxide  and  a 
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reduction  in  purification  labor.  If  a  regular  shavings  scrubber  were 
installed  and  the  box  now  used  for  tar  extraction  were  put  into  service 
again  as  a  purifier,  the  capacity  of  the  installation  would  be  increased  to 
about  35,000  cubic  feet  of  gas  per  hour. 

Plant  No.  14,  This  plant  makes  about  95  per  cent  coal-gas  and  the 
purifying  results  obtained  are  considerably  above  the  average.  Seven  boxes 
are  in  use,  of  which  three  boxes  handle  coal-gas  exclusively,  while  the 
remaining  four  handle  a  smaller  part  of  the  coal-gas  and  all  the  water-gas. 
The  purifiers  are  arranged  in  two  parallel  groups.  One  group  consists  of 
two  24  by  24  by  5  foot  boxes,  each  box  containing  one  layer  of  oxide  4  feet 
6  inches  in  depth,  and  one  24  by  24  by  12  feet  box  containing  two  oxide 
layers,  each  4  feet  6  inches  in  depth.  These  boxes  are  straight  flow,  but 
the  sequence  can  be  changed.  The  other  group  of  boxes  consists  of  four 
rectangular  boxes,  each  20  feet  in  diameter  and  containing  one  2  foot  6  inch 
layer  of  oxide.  These  boxes  are  connected  by  a  center  seal  and  one  box  is 
always  off.  The  computed  hourly  capacity  of  the  first  group  is  about 
72,000  cubic  feet  of  gas  per  hour,  and  that  of  the  second  group  about 
23,000  cubic  feet  per  hour.  Since  the  maximum  hourly  production  is 
reported  to  be  70,000  cubic  feet,  the  system  is  not  overloaded,  at  least  with 
gas  of  the  present  sulphur  content.  In  case  an  increased  capacity  were 
necessary,  it  might  be  desirable  to  build  up  the  two  shallow  24-foot  boxes 
to  conform  with  the  existing  deep  box  of  the  same  area.  Such  an  enlarge- 
ment with  valves  so  arranged  as  to  give  complete  reversibility  would 
increase  the  hourly  capacity  of  this  group  from  72,000  cubic  feet  to  157,000 
cubic  feet  per  hour,  over  150  per  cent  of  the  present  total  capacity.  Sim- 
ilarly, the  four  shallow  boxes  of  the  other  group,  if  built  up  to  double  depth 
and  arranged  for  complete  reversibility,  would  have  a  capacity  of  about 
100,000  cubic  feet  per  hour. 

Plant  No,  15.  This  small  mixed-gas  plant  produces  about  40  per 
cent  water-gas.  The  purifying  equipment  consists  of  four  old-type,  indoor, 
water-sealed  boxes,  connected  by  a  center  seal  which  permits  the  use  of 
only  three  bonces  at  one  time.  The  boxes  are  10  by  8  by  4  feet  and  each  con- 
tains one  3-foot  6-inch  layer  of  oxide.  The  calculated  capacity  of  the 
installation  as  now  arranged  is  only  about  6,000  cubic  feet  per  hour,  while 
the  maximum  load  is  reported  to  be  15,000  cubic  feet,  and  the  average  load 
7,000  cubic  feet  per  hour.  It  is  evident,  therefore,  that  the  installation  is 
heavily  overloaded.  If  the  fourth  box  could  be  put  into  service  except  for 
the  short  interval  required  to  change  a  box,  the  capacity  would  be  increased 
to  about  7,500  cubic  feet  per  hour,  which  would  still  leave  100  per  cent 
overload.  A  new  purifying  system,  or  the  addition  of  one  up-to-date  box 
with  proper  valving,  would  perhaps  be  the  best  solution.     The  present 
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single  boxes,  if  built  up  to  double  height  and  arranged  for  complete  revers.- 
ibility  of  flow,  would  have  a  computed  hourly  capacity  of  about  22,600 
cubic  feet.  Such  conditions  as  head  room  available,  strength  of  supports 
of  the  present  system,  condition  of  present  boxes,  and  cost  of  the  improve- 
ments would  of  course  determine  the  best  way  to  increase  capacity.  The 
fact  that  the  purifying  labor  cost  per  1,000  cubic  feet  in  this  plant  is  about 
double  that  of  any  other  plant  inspected  (other  small  plants  included) 
indicates  that  there  is  sufficient  economy  to  be  realized  in  labor  charges  to 
o£Fset  a  considerable  capital  charge. 

Plant  No.  16,  This  plant  makes  about  93  per  cent  coal-gas.  The 
purifying  equipment  is  rather  unique  among  the  installations  inspected. 
The  S5'"stem  includes  two  outdoor  concrete  boxes,  each  40  by  26  by  14  feet 
4V^  inches  deep,  each  containing  one  53-inch  layer  and  one  62-inch  layer, 
two  indoor  boxes  each  30  by  20  by  5  feet  deep,  containing  one  4j^-foot 
layer,  and  two  indoor  boxes  20  by  20  by  4^  feet  deep  containing  one  3-foot 
9-inch  layer  each.  The  greater  part  of  the  purification  is  done  in  the  two 
concrete  boxes.  These  are  placed  first  in  the  series  and  the  order  cannot 
be  changed,  nor  is  there  any  rotation  of  the  two  boxes  though  they  are 
valved  for  divided  reversible  flow.  Coal-gas  only  is  purified  in  the  con- 
crete boxes.  The  old  type  indoor  boxes  follow  the  concrete  boxes  and  the 
water-gas  enters  the  inlet  of  the  former.  The  old  purifiers  are  all  single- 
laj^er  straight-flow  boxes  and  are  all  arranged  in  series.  The  computed 
capacity  of  the  whole  system  is  about  190,000  cubic  feet  of  gas  per  hour 
while  the  maximum  hourfy  purification  is  reported  to  be  only  40,000  cubic 
feet.  It  is  evident,  therefore,  that  the  capacity  is  ample  for  some  time  to 
come.  This  plant  was  the  only  one  inspected  in  which  the  oxide  was 
revivified  in  the  box  by  an  air  blast.  Only  the  oxide  in  the  large  concrete 
boxes  could  be  revivified  in  this  manner.  The  way  in  which  revivification 
is  conducted  in  this  plant  will  be  discussed  later. 

Summary  of  Capacities  and  Load  Conditions 

Tables  1  and  2  give  the  summarized  data  relative  to  load  conditions, 
storage  capacity,  purifier  capacity,  etc.,  of  the  plants  visited. 
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Table  i. — Purifier  load  conditions  in  medium-size  water-gas  plants  of  Illinois. 


• 

1 

Aver,  daily  output — 
M  cu.  ft. 

Maximum 
daily  output — 
M  cu.  ft. 

Aver,  hourly  make  thru 
purifiers — 
M  cu.  ft. 

Max.  hourly  make  thru 
purifiers — 
M  cu.  ft. 

Holder  capacity — 
M  cu.  ft.» 

Holder  capacity — per 
cent.  max.  day 

H3S  in  gas — grs.  per 
100  cu.  ft. 

Bushels  oxide  in  actual 
use 

Bushels  oxide  per 
million  cu.  ft., 
max.  day 

Calculated  max.  hourly 
capacity  of  purifiers — 
M  cu.  ft. 

Max.  hourly  make — 
per  cent  of  max. 
purifier  capacity 

Aver,  hourly  make — 
per  cent  of  maximum 
purifier  capacity 

1 

1650 

1800 

69 

110 

C-  1800 
R-   60 

103 

180 

184<S3 

10250 

241 

45.6 

28.6 

2 

1400 

2000 

58 

110 

C-  500 
R-  112 

30 

100 

4420 

2210 

40 

277.0 

145.5 

3 

617 

712 

26 

80 

C-  300 
R-   75 

53 

190 

4625 

6500 

41 

196.0 

63.7 

4 

170 

227 

7 

22 

C-  100 
R-   50 

66 

175 

2225 

9810 

25 

88.0 

28. 0 

5 

360 

430 

15 

40 

C  -  290 
R-   30 

72 

130 

3127 

7280 

34 

119.2 

44.8 

6 

1450 

1600 

60 

100 

C  -  973 
R-   80 

66 

125 

6285 

3920 

54 

186.0 

111.6 

7 

3880 

6000 

161 

280 

C  -  5000 
R-  100 

85 

100 

17125 

2865 

206 

136.0 

78.1 

8 

3200 

4100 

133 

175 

C-  500 
R-  100 

IS 

125 

10900 

2660 

104 

168.8 

79.0 

A^ 

/eragvis 

1     1  ■■  - 

61 

141 

5686 

.... 

145.8 

72.4 

*ln  holder  capacity  column,  the  abbreviations 
Holder,  respectively. 


C"  and  "R"  stand  for  City  Holder  and  Relief 
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Table  2. — Purifier  load  conditions  in  medium-size  mixed-gas  plants  of  Illinois. 


1 

e 

S 

1 

>> 

>, 

3 

1 

1 

3 

5  . 

1 

8. 

51 

ft 

4> 

(90 

Is  . 

DO 

• 

5- 

3 

ft 
■♦-» 

3 

e3 

E  M 

.§ 

ki 

c 

9) 

a§. 

Max.  hourly  mal< 
cent  of  purifying 
capacity 

6^ 

i 

4>» 

a 
g 

Aver,  daily  0 
M  cu.  ft. 

Max.  daily  0 
M  cu.  ft. 

Aver,  hourly 
purifiers — M 

Max.  hourly 
purifiers — M 

Holder  capac 
M.  cu.  ft.» 

Holder  capac 
per  cent  of  ni 

1^ 

Bushels  of  ox 
actual  use 

Bushels  of  ox 
million  cu.  ft. 

Calculated  m 
capacity  of 
M  cu.  ft 

Aver,  hourly 
per  cent  of  p 
capacity 

9 

60 

850 

1200 

35 

60 

C  -  1280 
R-   60 

107 

90 

6450 

5360 

65 

91.8 

53.5 

10 

10 

600 

800 

20 

75 

C  -  300 
R-  200 

62 

230 

840 

3560 

30 

45.0 

65.8 

11 

25 

200 

230 

8 

12 

C  -  100 
R-   50 

65 

340 

2840 

12300 

29 

39.4 

28.4 

12 

12 

550 

780 

23 

50 

C-  663 
R-  112 

99 

220 

3560 

4690 

45 

111.5 

51.1 

13 

40 

440 

500 

18 

30 

C  -  525 
R-   21 

109 

150 

2755 

5500 

26 

114.5 

69.8 

14 

5 

1500 

1800 

63 

70 

C  -  902 
R-   70 

54 

165 

10735 

5960 

96 

73.0 

65.5 

15 

40 

170 

200 

7 

15 

C-  100 
R-   75 

83 

350 

675 

3370 

6 

256.0 

121.0 

16 

7 

1400 

1800 

58 

65 

C-  1000 
R-  390 

77 

470 

22805 

12700 

191 

34.0 

32.9 

Av< 

*rages. 

1     1 

82 

252 

!■■■•• 

6680 

120.6 

61  0 

1 

iln  holder  capacity  column,  the  abbreviations  "C"  and  "R"  stand  for  City  Holder  and  Relief 
Holder,  reapeqtivcly. 


In  Studying  Tables  1  and  2  several  outstanding  facts  will  be  noted.  Of 
the  eight  water-gas  plants,  six  are  loaded  at  maximum  hour  beyond  the 
rated  capacities  of  their  purifiers,  while  on  the  other  hand,  only  two  of  the 
eight  are  overloaded  during  hours  of  average  production.  It  is  evident 
then  that  the  lack  of  uniformity  of  load  is  the  chief  cause  of  overload.  It 
will  be  noted  that  the  maximum  hourly  make  is  often  more  than  double 
the  average  hourly  make.  (By  "make"  here,  is  meant  flow  through  puri- 
fiers, not  machine  make.)  By  referring  to  the  column  marked  "Calculated 
max.  hrly.  capacity  of  purifiers"  and  "Bushels  of  oxide  per  million  cu.  ft., 
max.  day",  we  are  able  to  form  some  opinion  as  to  the  reason  for  the  over- 
loaded or  underloaded  condition  in  each  case.  It  is  interesting  to  note  that 
the  average  number  of  bushels  of  oxide  per  million  cubic  feet  of  gas  purified 
on  the  maximum  day,  namely  5,686,  agrees  quite  closely  with  the  figure 
5,365,  ^hich  is  the  average  of  twenty-three  water-gas  plants  whose  results 
are  reported  by  O.  B.  Evans  in  his  paper,  "Revivification  in  place",  already 
mentioned.  This  indicates  that  Illinois  plant  conditions  conform  quite 
closely  to  conditions  in  plants  all  over  the  country,  as  is  to  be  expected. 
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While,  as  shown  in  the  tables,  the  holder  capacity  bears  no  direct 
relation  to  purifying  capacity,  it  will  be  noted  that  in  plants  where  the 
volume  of  oxide  is  small,  large  holder  capacity  assists  in  keeping  down  the 
overload.  Plants  1  and  2  are  interesting  as  the  extreme  examples  of  pre- 
vailing conditions.  These  plants  have  approximately  the  same  output. 
Plant  1,  however,  has  a  holder  capacity  greater  than  its  maximum  day  and 
an  oxide  capacity  per  million  cubic  feet  of  gas  nearly  twice  the  average. 
Plant  2,  on  the  other  hand,  has  a  holder  capacity  only  30.6  per  cent  of  its 
maximum  day  and  an  oxide  capacity  less  than  half  the  average.  It  is  sur- 
prising to  find  that  despite  these  great  differences,  the  amount  of  sulphur 
absorbed  per  bushel  by  both  of  these  oxides  is  almost  the  same  with  a  ver>' 
slight  advantage  in  favor  of  Plant  1.  The  probable  reasons  for  this  sim- 
ilarity of  results  under  such  different  conditions  will  be  discussed  later  in  • 
connection  with  Table  3.  Plant  No.  8  (see  Table  1)  presents  an 
apparently  anomalous  condition.  Here  the  holder  capacity  is  only  14.6  per 
cent  of  the  maximum  day  and  there  is  less  than  half  the  average  amount 
of  oxide  per  million  cubic  feet  on  maximum  day  found  in  all  the  plants, 
yet  the  overload  is  not  nearly  so  great  as  in  some  other  plants  which  are 
apparently  more  favored.  The  reason,  however,  seems  to  lie  in  the  connec- 
tion of  this  plant  with  a  larger  system  whose  holder  capacity  is  to  a  certain 
extent  available  for  use  by  this  plant.  In  this  case  it  is  practically  impos- 
sible to  say  just  what  average  holder  capacity  is  available  for  Plant  No.  8. 
though  its  own  individual  holder  capacity  is  as  given.  Probably  at  least 
four  times  the  capacity  stated  is  actually  available  when  needed.  Formerly 
many  gas  engineers  considered  that  a  well-designed  plant  should  have  a 
holder  capacity  at  least  equal  to  its  maximum  day,  but  the  rapid  growth  of 
output  in  most  of  our  plants  has  resulted  in  much  smaller  storage  capacity 
ratios,  as  shown  in  Tables  1  and  2.  When  one  considers  that  in  spite  of 
the  smaller  margin  of  safety  which  a  small  holder  capacity  gives,  practically 
all  of  the  larger  plants  operate  year  after  year  and  give  the  public  uninter- 
rupted service,  one  is  likely  to  conclude  that  there  is  no  w^ell-defined  lower 
limit  beyond  which  the  gas  operator  dare  not  go.  While  this  is  true  to  a 
certain  extent  and  distribution  conditions  are  likely  to  be  the  determining 
factor  in  dictating  an  increase  in  storage  capacity,  it  is  evident  that  this 
condition  is  reflected  back  upon  plant  operation  and  affects  purification,  tar 
removal,  and  indeed  any  phase  of  the  gas  manufacturing  process  in  which 
rate  of  gas  flow^  is  a  factor. 

In  Table  2,  the  purifier  load  conditions  in  eight  mixed-gas  plants  are 
presented.  It  is  to  be  noted  that  the  percentage  of  water-gas  varies  from 
5  to  60  per  cent  of  the  total,  averaging  25  per  cent  in  all  plants.  It  will 
he  observed  that  the  average  holder  capacity  is  larger  in  proportion  to  the 
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maximum  daily  output  than  in  the  straight  water-gas  plants,  as  is  also,  in 
general,  the  volume  of  oxide  per  million  cubic  feet  output  on  maximum  day. 
Only  one  of  the  mixed -gas  plants  had  an  overload  on  its  purifiers,  dur- 
ing hours  of  average  production.  Since  the  coal-gas  production  in  a  mixed 
gas  plant  is  usually  fairly  uniform  in  rate,  the  water-gas  production  taking 
the  peak  load,  it  is  evident  that  in  most  cases  where  the  purifiers  are  over- 
loadedjthe  overload  is  caused  by  the  production  and  purification  of  a  large 
volume  of  water-gas  in  a  short  time.  The  purifiers  are  usually  designed  to 
handle  the  coal-gas  production,  but  the  water-gas  production  has  often  not 
been  provided  for.  It  will  be  noted  that  the  hydrogen  sulphide  content  of 
the  gas,  while  about  double  that  found  in  the  eight  water-gas  plants,  is 
considerably  lower  than  in  usual  coal-gas  practice,  even  with  very  low- 
sulphur  coals.  Had  the  sulphur  content  been  higher,  then  the  average 
purifying  capacity  would  have  shown  an  overload  according  to  the  rela- 
tion shown  in  Figure  1. 

EFFECT  ON  PURIFIER  CAPACITIES  OF  THE  USE  OF 

ILLINOIS  COAL 

In  connection  with  the  influence  of  sulphur  content  of  the  gas  on  puri- 
fying capacity,  it  is  interesting  to  note  the  effect  of  a  change  from  the  low- 
sulphur  fuels  used  in  a  majority  of  the  plants  at  the  present  time  to  fuels  of 
higher  sulphur  content.  The  water-gas  plants  listed  in  Table  1,  with  the 
exception  of  Plants  2  and  8,  were  using  Illinois  or  Indiana  coals  as  genera- 
tor fuel  at  the  time  of  inspection.  These  two  plants  were  using  eastern 
cokes.  The  coals  were  in  all  cases  selected  low-sulphur  coals.  It  will  be 
noted  that  in  some  of  the  plants  using  coal,  the  HgS  content  of  the  gas  is 
no  higher  than  in  those  using  coke.  In  general,  however,  the  increase  in 
sulphur  content  with  Illinois  or  Indiana  low-sulphur  coals  as  generator 
fuel  would  be  from  50  to  100  per  cent,  viz.,  an  H^S  content  in  the  gas  of 
150  grains  to  200  grains  per  100  cubic  feet  might  usually  be  expected.  By 
reference  to  Figure  1  it  will  be  noted  that  an  increase  of  50  to  100  per 
cent  in  the  HgS  content  of  the  gas  does  not  have  nearly  the  effect  on  the 
rated  purifier  capacity,  when  the  HoS  content  is  small,  that  a  similar  per- 
centage increase  would  have  if  the  HgS  content  were  large.  Hence  a 
change  from  a  low-sulphur  eastern  coke  as  water-gas  generator  fuel  to  a 
low-sulphur  central  district  coal  does  not  have  as  great  an  effect  as  the 
change  from  a  low-sulphur  eastern  gas  coal  to  a  low-sulphur  Illinois  coal 
would  have  in  coal-gas  manufacture,  it  being  assumed,  as  is  usually  the 
case,  that  the  best  eastern  gas  coals  will  average  lower  in  sulphur  content 
than  the  best  Illinois  coals.  It  is  interesting  to  take  numerical  examples 
to  study  the  effect  of  such  changes. 
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Assume  that  an  eastern  coke  as  generator  fuel  gives  gas  containing 
100  grains  of  HgS  per  100  cubic  feet,  and  that  a  central  district  coal,  using 
the  same  oil  for  enrichment  gives  gas  containing  200  grains  per  100  cubic 
feet.  A  plant  which  was  designed  to  purify  100,000  cubic  feet  of  gas  of 
the  lower  sulphur  content  per  hour  would  have  its  capacity  reduced  to 
96,000  cubic  feet — a  decrease  of  only  4  per  cent.  On  the  other  hand,  if  a 
low-sulphur  eastern  gas  coal  gave  300  grains  of  HgS  at  the  inlet  to  the 
purifier  and  an  Illinois  coal  gave,  as  reported  in  some  cases,  600  grains  of 
HgS,  then  a  plant  equipped  to  handle  100,000  cubic  feet  of  the  lower- 
sulphur  gas  per  hour  would  have  its  capacity  reduced  by  the  change  to 
about  83,000  cubic  feet, — a  decrease  of  about  17  per  cent. 

All  the  mixed -gas  plants  listed  in  Table  2  except  Plants  13  and  15 
were  using  low-sulphur  eastern  coals  at  time  of  inspection.  In  Plants  13 
and  15,  mixtures  of  50  per  cent  eastern  and  50  per  cent  Illinois  coal  were 
used.  In  neither  of  these  plants  was  the  sulphur  content  of  the  gas 
exceptionally  high,  but  of  course  the  40  per  cent  water-gas  made  in  both 
cases  tended  to  reduce  the  sulphur  in  the  mixed  gas.  It  is  evident  that  a 
decrease  of  17  per  cent  or  more  in  the  purifying  capacity  of  some  of  the 
mixed-gas  plants  given  would  be  a  serious  matter.  This  difHculty  might 
be  met  to  a  considerable  extent  by  more  attention  to  certain  details  of 
operation  and  selection  of  oxides,  as  has  been  previously  discussed. 

OBSERVED  RELATION  OF  OXIDE  VOLUME  TO  PURIFIER 

CAPACITY 
In  Tables  1  and  2  have  been  given  the  number  of  bushels  of  oxide  in 
use  in  each  plant  per  million  cubic  feet  of  gas  output  on  maximum  day. 
These  figures  have  not  been  used  in  computing  purifying  capacities  but  are 
given  partly  because  some  engineers  have  been  accustomed  to  rate  purifiers  in 
this  nianner,  and  partly  to  show  the  effect  of  oxide  volume  on  purifying 
capacity  in  the  various  cases ;  especially  in  connection  with  storage  capacity 
and  load  conditions.  In  Figure  3  is  plotted  the  relation  observed  between 
oxide  volume  and  maximum  hourly  purifying  capacity  in  the  various 
plants.  The  dotted  line  represents  1/10  bushel  of  oxide  per  cubic  foot  of 
gas  purified  during  maximum  hour,  and  is  drawn  in  for  convenience  of 
comparison.  The  water-gas  and  mixed-gas  plants  are  plotted  separately. 
It  is  evident  that  the  sulphur  content  of  the  gas  determines,  to  a  great 
extent,  the  position  of  the  curves,  and  therefore  any  specification  which 
calls  for  a  certain  number  of  bushels  of  oxide  per  1,000  cubic  feet  of  gas  to 
be  purified  in  a  given  time  can  at  best  be  only  incomplete.  It  is  interesting 
to  note  that  the  curves  for  mixed-gas  and  water-gas  plants,  while  quite 
close  together  for  the  smaller  plants,  appear  to  diverge  after  the  100,000 
cubic  feet  per  hour  production  is  passed.  Whether  this  would  hold  gen- 
erally for  the  larger  plants  cannot  be  stated  on  account  of  insufficient  data. 
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One  rather  remarkable  thing  is  shown  by  Tables  1  and  2,  namely, 
that  purifiers  may  be  worked  far  beyond  their  capacities  and  still  do  the 
work  required  of  them.  There  does  not  seem  to  be  any  definite  point,  at 
least  within  the  range  observed,  where  the  purifiers  actually  break  down 
suddenly  in  their  performance.     It  is  conceivable  that  gas  could  be  passed 
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Figure  3 — Observed  relation  of  oxide  volume  to  hourly  purification  capacity. 


through  a  series  of  boxes  containing  new  oxide  at  such  a  rate  that  hydrogen 
sulphide  could  be  detected  almost  immediately  at  the  outlet  of  the  system. 
In  testing  oxides  on  a  laboratory  scale,  this  condition  is  found  and  is  made 
use  of  to  determine  the  relative  rates  of  reaction  of  various  oxides. 

The  time  of  contact  called  for  by  the  Steere  formula  is  approximately 
6  minutes.     Many  comparatively  slow  oxides  will  not  give  a  test  for 
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hydrogen  sulphide  immediately  on  a  gas  containing  100  grains  per  100 
cubic  feet  unless  the  time  of  contact  is  reduced  to  approximately  0.5 
minutes.  Other  more  rapid  oxides  will  absorb  all  of  the  hydrogen  sulphide 
from  gas  containing  100  grains  of  HgS  for  several  hours  with  this  time  of 
contact.  As  the  oxide  becomes  fouler,  however,  the  rate  of  absorption 
slows  down  and  eventually  some  hydrogen  sulphide  will  pass  by  the  box. 
This  will  happen  more  quickly,  other  things  being  equal,  in  a  purifying 
system  that  is  overloaded.  The  result  is  that  in  ar)  overloaded  plant,  other 
conditions  being  the  same,  more  frequent  changes  will  be  necessary  to  keep 
the  gas  clean.  When  the  frequency  of  changes  becomes  excessive  the 
operator  usually  has  one  of  the  following  choices;  namely,  to  enlarge  the 
purifying  equipment,  to  rearrange  existing  equipment,  to  improve  opera- 
tion by  increasing  the  absorption  per  bushel  through  more  complete  revivi- 
fication in  place,  in  some  of  the  ways  already  discussed,  or  to  find  a  more 
active  oxide.  Sometimes  in  the  more  extreme  cases,  only  the  first  alterna- 
tive will  prove  a  feasible,  permanent  remedy. 

REARRANGEMENT  OF  EQUIPMENT  TO  INCREASE 

CAPACITY 

As  just  mentioned,  the  capacity  of  a  purifying  installation  may  some- 
times be  materially  increased  by  minor  changes  whereby  the  existing  equip- 
ment can  be  used  in  a  more  advantageous  way,  or  the  existing  equipment 
may  be  enlarged,  without  changing  its  position  or  increasing  the  ground 
space  occupied.  Again,  internal  changes  are  possible  whereby  the  puri- 
fiers may  be  made  to  accommodate  a  greater  volume  of  oxide.  Frequently, 
where  the  existing  equipment  is  in  good  condition,  such  changes  may  be 
made  at  a  fraction  of  the  cost  of  an  entirely  new  installsttion.  Where 
additional  capacity  is  needed  it  would  often  pay  to  consider  (1)  whether 
the  best  possible  performance  is  being  obtained  from  the  present  equipment, 
and  (2)  whether  some  minor  changes  would  not  secure  sufficient  additional 
capacity  to  defer  the  installation  of  new  equipment  to  another  time.  Of 
course,  in  this  as  in  any  other  construction,  there  is  always  some  uncertainty 
as  to  the  relative  cost  of  installation  now  or  a  few  years  hence.  Some  of 
the  rearrangements  which  may  be  made  have  been  suggested  in  the 
detailed  descriptions  of  the  purifying  installations  inspected. 

In  the  first  place,  it  may  be  well  to  consider  whether  the  amount  of 
oxide  is  the  maximum  that  the  boxes  will  accommodate  or  whether  the 
layers  are  of  the  greatest  thickness  permissible.  In  several  instances  it  was 
found  that  the  available  space  for  oxide  in  the  boxes,  even  allowing  for  the 
trays  and  a  reasonable  amount  of  free  space,  was  considerably  greater  than 
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would  correspond  to  the  number  of  bushels  said  to  have  been  purchased 
for  the  boxes. 

Again  the  amount  of  free  space  allowed  may  be  excessive!  In  some 
cases  the  trays  could  be  relocated  without  unduly  diminishing  the  free 
space  and  with  a  distinct  increase  in  capacity.  Take,  for  example,  a  4-box 
set  of  purifiers  arranged  for  reversible  flow,  each  box  being  15  feet  in 
diameter  and  12  feet  high,  containing  two  layers  of  oxide  each  4^^  feet  in 
depth.  The  hourly  capacity,  according  to  the  Steere  formula,  would  be 
61,845  cubic  feet,  if  the  gas  contained  200  grains  of  HgS  per  100  cubic 
feet.  Now,  assuming  that  the  depth  of  each  layer  could  be  increased  by  6 
inches,  the  capacity  would  become  66,262,  an  increase  of  capacity  of  14 
per  cent. 

If  the  space  available  for  oxide  is  being  utilized  to  the  fullest  extent, 
then  rearrangement  may  be  in  order.  As  has  been  suggested  in  several  cases. 
reversible  flow  may  help  considerably.  Let  us  assume  an  installation  of  three 
rectangular  boxes,  each  25  by  25  by  12  feet,  each  containing  two  5-foot 
layers  of  oxide  equipped  for  straight  flow  only,  and  with  a  given  sequence 
as  ABC,  BCA,  CAB.  Such  an  installation  purifying  gas  containing  200 
grains  of  HgS  per  100  cubic  feet  would  have  a  maximum  hourly  capacity, 
according  to  the  Steere  formula,  of  133,000  cubic  feet  of  gas. 

Let  us  assume  that  this  installation  is  overloaded  and  that  it  is 
desired  to  increase  its  capacity  about  35  per  cent.  This  increase  may  be 
accomplished  in  either  of  two  ways,  namely,  by  making  the  three  existing 
purifiers  perfectly  flexible  as  to  arrangement  and  reversibility  or  by  install- 
ing a  fourth  box  of  the  same  size  as  the  existing  boxes,  arranged  for  straight 
flow  only.  Leaving  out  of  consideration  for  the  present  the  difference  in 
operating  cost  which  would  be  in  favor  of  the  former  arrangement,  let  us 
consider  the  probable  relative  costs  of  the  two  arrangements.    At  present 

m 

prices,  the  cost  of  a  new  box  of  the  size  given,  arranged  for  straight  flow 
only,  would  probably  be  somewhere  between  $12,000  and  $16,000.  The 
installation  of  three  6-inch  reversing  valves,  together  with  alteration  of  the 
manifold  whereby  the  three  existing  boxes  could  be  made  entirely  flexible  as 
to  arrangement  and  reversibility,  would  cost  somewhere  between  $6,500  and 
$11,000,  depending  of  course  upon  the  amount  of  work  and  material  that 
would  be  required  and  the  amount  of  material  from  the  old  manifold  that 
could  be  applied  to  the  change.  It  is  evident  then  that  if  the  existing 
purifiers  were  in  good  condition  and  conveniently  arranged  for  operation, 
rearrangement  would  be  decidedly  cheaper  than  the  addition  of  another 
box  of  the  same  type.  The  economy  of  operation  would  also  be  distinctly 
in  favor  of  rearrangement.    A  number  of  installations  have  been  observed 
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in  which   such   a   change   with   corresponding   increase   in   capacity    was 
apparently  feasible. 

In  a  few  cases  where  old  4-box  sets  with  center-seal  connections  are 
in  use,  a  change  in  the  connections  whereby  all  the  boxes  could  be  used  at 
one  time  would  be  advantageous. 

A  few  cases  have  also  been  observed  where  a  small  increase  in  capacity 
could  be  realized  by  putting  into  series  boxes  now  arranged  in  two  parallel 
groups,  but  in  most  of  the  cases  of  this  kind  observed,  such  a  change  would 
hardly  give  enough  increase  In  capacity  to  pay  unless  all  the  boxes  were 
made  reversible  and  arranged  so  as  to  be  used  in  any  desired  sequence.  In 
most  cases  where  two  parallel  groups  are  in  use,  one  of  the  groups  consists 
of  shallow  single-layer  boxes.  Frequently  these  shallow  boxes  are  of  con- 
siderable cross-sectional  area  and  where  substantial  foundations  exist  and 
plenty  of  head  room  is  available,  it  might  be  feasible  to  build  up  the  boxes 
to  double  height,  installing  an  additional  layer  of  oxide.  Such  a  rebuilt 
group  of  boxes,  if  arranged  for  reversible  flow  and  for  rotation  with  the 
boxes  of  the  deeper  group,  also  equipped  for  reversible  flow,  would  usually 
increase  the  capacity  of  the  system  very  materially.  For  example,  in  Plant 
No,  6  already  described,  such  a  reconstruction,  if  feasible,  would  increase 
the  capacity  by  about  66  per  cent. 

Of  course,  in  making  any  alterations  of  the  kinds  described  several 
things  have  to  be  considered.  It  would  obviously  be  unwise  to  go  to  con- 
siderable expense  to  alter  the  connections  of  or  reconstruct  boxes  which 
through  long  service  had  become  unsound.  And  it  might  be  unwise  to  pro- 
long the  use  of  boxes  so  arranged  that  the  cost  of  operation  was  excessively 
high  on  account  of  inconvenient  location  or  poor  facilities  for  handling 
oxide.  In  any  case  it  would  be  advisable  to  carefully  compare  the  cost  of 
rearrangement  or  reconstruction  with  the  cost  of  new  equipment  necessary 
to  give  an  increased  capacity  equivalent  to  that  expected  from  the  proposed 
change.  The  possibility  that  the  space  now  occupied  by  purifiers  especially 
when  in  substantial  buildings,  might  be  used  to  advantage  eventually  for 
some  other  purpose  should  also  be  considered.  Since  present  practice  is 
almost  unanimously  in  favor  of  outdoor  purifiers,  it  might  be  obviously 
unwise  to  perpetuate  the  use  of  valuable  buildings  for  this  purpose.  The 
economic  as  well  as  the  physical  features  of  such  a  change  need  considera- 
tion. In  all  cases  where  possible  changes  have  been  suggested  in  this 
paper,  it  is  to  be  understood  that  only  the  results  to  be  expected  from  such 
changes  have  been  considered.  The  considerations  just  named  and  physical 
conditions  existing  in  the  various  plants  might  make  the  suggested  altera- 
tion entirely  impracticable.  Each  case  would  have  to  be  considered  care- 
fully by  itself. 
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RESULTS  OBTAINED  IN  PLANTS  INSPECTED 

As  will  be  seen  clearly  in  Tables  3  and  4,  purifier  capacity  alone  will 
not  necessarily  insure  good  purifying  results.  Some  of  the  best  results 
found  in  Illinois  plants  at  the  present  time  are  in  overloaded  plants. 

A  study  of  Tables  3  and  4  shows  how  difficult  or  impossible  it  is  to 
harmonize  the  results  actually  obtained  with  the  conditions  under  which 
they  were  obtained.  In  general,  one  cannot  but  be  impressed  by  the  diflfer- 
ence  between  the  results  shown  and  those  generally  considered  as  typical 
of  the  best  practice.  Text  books  and  treatises  on  gas  manufacture  usually 
state  that  spent  oxide  will  contain  from  50  to  60  per  cent  of  sulphur, 
thereby  implying  that  this  degree  of  sulphiding  is  usually  attained  before 
the  oxide  is  discarded.  Yet  the  results  shown  in  the  tables  indicate  that  in 
the  average  Illinois  plant,  at  least,  not  nearly  the  usually  accepted  standard 
of  performance  is  actually  realized.  In  the  water-gas  plants,  excluding 
Plant  No.  5,  which  was  a  mixed-gas  plant  when  the  materal  was  fouled. 
the  average  percentage  of  sulphur  in  the  spent  oxide  was  only  21.7  per 
cent.  In  the  mixed-gas  plants,  on  the  other  hand,  including  Plant  No.  5, 
the  average  was  37.4  per  cent.  These  results  are  somewhat  lower  than 
those  reported  by  Mr.  Evans  in  the  paper  already  referred  to.  The  average 
absorption  in  the  water-gas  plants  studied  by  him  was  35  per  cent  sulphur 
and  in  the  coal-gas  plants  44  per  cent.  The  latter  figure  is,  we  understand, 
for  straight  coal-gas,  whereas  the  results  reported  by  us  in  Table  4  are  for 
mixed-gas  plants.  It  is  probable,  too,  that  the  plants  whose  results  are 
reported  by  Mr.  Evans  are  considerably  larger  in  size  than  the  plants  in 
Illinois  inspected  by  us,  and  therefore  the  conditions  were  probably  more 
favorable  for  good  results.  Even  so,  it  is  apparent  that  the  results  gener- 
ally obtained  fall  considerably  below  those  considered  as  good  standard 
practice. 

In  comparing  Tables  3  and  4  one  is  impressed  with  the  very  consid- 
erable difference  in  sulphur  absorption  in  the  two  gas-making  processes.  A 
number  of  reasons  for  the  difference  may  be  suggested.  Coal-gas  usually 
contains  considerably  more  sulphur  per  unit  volume  than  does  water-gas, 
and  according  to  the  law  of  mass  action,  the  greater  concentration  of  the 
H2S  in  coal-gas  increases  the  rate  of  absorption.  The  coal-gas  production 
is  also  more  uniform  and  the  peak  loads  on  the  purifiers  usually  represent  a 
greater  rate  of  water-gas  purification  rather  than  of  coal-gas,  so  the  average 
load  conditions  with  coal-gas  are  more  favorable.  The  ammonia  in  coal- 
gas,  of  which  traces  pass  through  the  purifiers,  may  also  assist  materially 
in  the  purifying  process  by  keeping  the  oxide  alkaline.  A  section  of  the 
Purification  Committee  of  the  American  Gas  Association  is  now  studying 
the  effect  of  this  factor. 
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50  Gas  Purification  in  Medium  Size  Gas  Plants 

In  the  columns  of  Tables  3  and  4  marked  "Total  gas  purified  per 
bushel — M  cu.  ft.",  the  assumption  has  been  made  that  the  H2S  content 
of  the  gas  was  constant  and  the  same  as  at  the  time  of  inspection.  The 
figures  reported  are  probably  quite  as  accurate  as  the  results  reported  in  the 
purification  records  of  most  plants,  but  owing  to  the  uncertainty  of  the 
assumption  on  which  they  are  based,  no  claims  to  great  accuracy  are  made 
for  them. 

Causes  of  Low  Efficiencies 

OVERLOAD 

The  cause  of  the  discrepancy  between  standard  purification  practice 
and  the  actual  results  observed  in  Illinois  plants  is  a  complex  one.  It  is 
probably  due  to  some  extent  to  overload.  That  an  overloaded  condition 
of  the  purifying  equipment  can  result  in  low-sulphur  absorption  is  evident 
from  a  consideration  of  the  effect  of  overload  on  operation.  Where  the 
gas  has  to  be  passed  through  the  boxes  at  an  excessive  rate,  although  the 
oxide  may  at  first  completely  purify  it,  the  condition  where  it  cannot  com- 
pletely remove  the  sulphur  is  reached  sooner  than  would  be  the  case  if  the 
rate  of  gas  flow  were  slower.  The  time  between  box  changes  will  there- 
fore be  shorter  with  the  faster  rates. 

The  complete  absorption  of  hydrogen  sulphide  requires  a  measurable 
time  of  contact  between  gas  and  oxide.  When  the  material  is  fresh  a 
shorter  time  of  contact  seems  adequate,  but  as  the  surface  of  the  oxide 
becomes  sulphided,  a  longer  time  of  contact  seems  to  be  necessary  for  com- 
plete absorption  of  hydrogen  sulphide  by  the  inner  particles  of  oxide.  With 
very  rapid  rates  of  gas  flow,  the  absorption  seems  to  be  at  first  largely 
superficial,  and  after  the  superficial  capacity  of  the  material  has  been 
utilized,  longer  contact  seems  necessary  for  complete  absorption  of  HgS. 

The  absorption  of  sulphur  per  change  will  therefore  be  less  with  an 
overloaded  purifying  system,  and  to  get  the  same  absorption  an  oxide  will 
have  to  be  handled  more  times  than  would  be  necessary  were  the  flow 
slower.  Each  time  an  oxide  is  handled  it  becomes  finer  from  breakage,  and 
with  frequent  handling  the  oxide  soon  becomes  so  fine  as  to  favor  packing 
and  back  pressure.  Conditions  which  lead  to  overload  of  the  purifiers  also 
usually  favor  overload  of  the  other  gas-cleaning  equipment,  so  that  more 
tar  is  likely  to  be  carried  into  the  boxes,  other  conditions  being  the  same, 
when  the  purifiers  are  worked  beyond  their  capacities.  Therefore,  more 
rapid  tarring  and  excessive  breakage  of  oxide  in  an  overloaded  plant  are 
likely  to  result  in  depreciation  and  discard  of  the  purifying  material  sooner 
than  in  a  plant  operated  at  normal  capacity. 
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We  note,  however,  that  some  of  the  overloaded  plants  excel  other 
similar  underloaded  plants  in  absorption  realized,  so  this  does  not  appear 
to  be  the  only  or  perhaps  the  most  serious  cause. 

TAR  IN   THE   GAS 

Tar  in  the  gas  is  also  a  contributory  cause,  but  it  is  difficult  to  say  in 
a  particular  case  to  just  what  extent  efficiency  was  reduced  by  it,  for  some 
of  the  spent  oxides  collected  that  are  high  in  tar  are  also  high  in  sulphur. 
This  would  lead  one  to  .think  oithand  either  that  tar  has  little  effect  on 
sulphur  absorption  or  that  most  of  the  sulphur  absorption  had  taken  place 
before  the  oxide  was  tarred.  In  order  to  determine  roughly  the  effect  of 
tar  in  the  oxide  upon  efficiency  of  its  absorption  of  hydrogen  sulphide,  an 
experiment  was  carried  out,  the  results  of  which  are  shown  in  Figure  4. 
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Figure  4.     Effect  of  tar  on  the  absorption  capacity  of  an  oxide  for  hydrogen 
sulphide,  first  fouling. 

The  absorption  capacity  of  a  particular  oxide  for  pure  hydrogen  sulphide 
was  determined  by  the  Kunberger  method.  Portions  of  the  same  oxide 
were  then  treated  with  various  percentages  of  tar,  and  their  absorption 
capacities  after  treatment  were  similarly  determined.  The  tar  was  applied 
by  making  up  a  solution  of  water-gas  tar  in  pure  carbon  bisulphide.  Each 
sample  of  oxide  was  treated  with  an  amount  of  this  tar  solution  corre- 
sponding to  the  required  percentage  of  tar.  The  tar  solution  and  oxide 
were  thoroughly  mixed;  then  the  carbon  bisulphide  was  removed  by  evap- 
oration in  the  air.  The  tar  was  left  deposited  on  the  oxide,  which  was 
then  subjected  to  the  fouling  test. 

While  the  conditions  of  the  test  and  the  results  obtained  are  not 
strictly  comparable  with  practical  conditions,  they  indicate  something  con- 
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ceming  the  effect  of  tar  in  coating  oxide  and  decreasing  its  ab^rption 
capacity.  Of  course,  the  ability  of  the  material  to  revivify  is  also  affected, 
so  that  tar  is  a  disadvantageous  thing  to  have  present  at  any  and  all  times. 

It  was  thought  at  first  that  the  reason  for  the  comparatively  high 
sulphur  percentages  in  some  rather  tarry  oxides  might  be  due  to  the  tar- 
extracting  action  of  a  portion  of  the  oxide  batch,  permitting  the  remainder 
of  the  batch  to  foul  more  completely  on  tar-free  gas.  It  was  expected  that 
anal>'ses  of  oxide  from  different  levels  in  an  upward-flow  box  would  show 
a  concentration  of  tar  in  the  lower  part  of  the  box.  Samples  of  oxide  were 
therefore  taken  in  two  plants,  one  water-gas  and  the  other  coal-gas,  at 
various  levels.  Each  sample  was  collected  from  several  points  at  the  same 
level,  to  insure  a  representative  sampling.  Analyses  of  the  samples  and 
the  levels  where  taken  are  shown  in  Table  5.  It  is  surprising  to  note  that 
the  tar  is  not  concentrated  at  the  bottom.  In  the  water-gas  plant  the 
greatest  percentage  of  tar  was  found  in  the  bottom  of  the  upper  layers, 
while  in  the  coal-gas  box,  the  top  of  the  batch  contained  the  most  tar. 
Likewise,  there  is  no  apparent  relation  between  the  percentages  of  tar  and 
sulphur  in  these  batches.  The  highest  percentage  of  sulphur  in  each  case 
is  coincident  neither  with  the  lowest,  nor  with  the  highest  percentage  of 
tar.  One  naturally  concludes  that  each  batch  must  have  absorbed  the  larger 
part  of  Its  sulphur  in  each  case  before  the  tar  was  present  to  any  great 
extent.  The  concentration  of  tar  in  the  upper  part  of  the  batch  may  be 
caused  by  tar  condensing  out  of  the  gas,  due  to  the  cooling  action  of  the 
purifier  box  cover,  and  dropping  down  into  the  oxide.  Of  course,  in  prac- 
tice the  accumulation  of  tar  is  relatively  slow,  and  since  the  rate  of  sulphur 
absorption  in  a  given  part  of  an  oxide  batch  is  slowing  down  as  the  cen- 
centration  of  iron  sulphide  increases,  it  is  difficult  to  determine  in  a  partic- 
ular case  to  just  what  extent  the  accumulation  of  tar  is  affecting  the  per- 
formance. 

The  means  of  removing  tar  differs  considerably  in  different  plants. 
Table  6  shows  the  gas-condensing  and  scrubbing  equipment  in  use  in  the 
different  plants.  For  convenience,  the  final  tar.-extracting  apparatus  in 
each  case  is  printed  in  italics.  It  will  be  noted  that  the  shavings  scrubber 
appears  to  be  the  favorite  tar-extracting  equipment  in  water-gas  plants, 
though  the  P.  &  A.  tar  extractor  and  the  bubble  washer  are  preferred  in  a 
few  plants.  The  writers  of  this  bulletin  have  had  no  opportunity  to  study 
the  relative  merits  of  these  various  types  of  apparatus  under  conditions 
which  were  comparable.  As  will  be  noted  in  the  table,  the  amount  of  tar 
in  the  gas  at  the  inlet  ^of  the  purifiers  varies  considerably  even  with  the 
same  type  of  tar  extractor,  and  it  seems  to  be  possible,  under  favorable  con- 
ditions, to  obtain  practically  complete  extraction  with  any  one  of  these 
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types  of  apparatus.  At  the  time  when  the  tar  tests  were  taken,  from  which 
the  pounds  of  tar  per  million,  as  given  in  Tables  3  and  4,  were  computed, 
the  temperature  was  very  high.  Hence,  the  results  represent  probably  thtf 
most  unfavorable  conditions.  The  tar-extracting  apparatus  of  many  of  the 
plants  was  overloaded  at  that  time.  The  overload  was  due  in  some  cases 
to  inadequate  apparatus  and  in  others  to  the  temperature  of  the  cooling 
water  in  the  various  units  being  unavoidably  high.  It  will  be  noted  that 
where  the  temperature  at  the  inlet  of  the  purifiers  is  above  lOO^F.  the 
amount  of  tar  remaining  in  the  gas  is  usually  excessive*  regardless  of  the 
apparatus,  though  this  is  not  an  invariable  rule.  The  water-gas  plants 
show  higher  average  temperature  at  the  purifiers  than  do  the  mixed-gas 
plants,  and  a  comparison  of  the  tar  contents  of  the  gases  shows  the  average 
water-gas  to  contain  about  twice  as  much  tar  per  million  cubic  feet  as  does 
the  average  mixed-gas.  Where  shavings  scrubbers  are  employed,  there 
seems  to  be  in  many  cases  no  regular  routine  observed  in  regard  to  changing 
the  shavings,  and  the  indications  are  that  in  some  cases  they  are  allowed  to 
remain  unchanged  too  long.  The  frequency  of  changes  would  of  course 
depend  upon  the  tar  content  of  the  gas  at  this  point  in  the  system,  and  this 
in  turn  would  be  affected  by  the  operation  of  the  previous  equipment.  In 
onf  plant  at  least,  notably  Plant  No.  7,  a  regular  routine  is  observed, 
each  bushel  of  shavings  cleaning  approximately  100,000  cubic  feet  of  gas. 
It  will  be  observed  that  the  tar  entering  the  boxes  amounted  to  only  9.7 
pounds  per  million  cubic  feet  of  gas.  That  this  efficiency  had  not  been 
realized  at  all  times,  however,  is  indicated  by  the  previous  column,  which 
shows  that  spent  oxide  from  this  plant  contained  a  rather  high  tar  content 
of  4.4  pounds  per  bushel.  On  the  other  hand,  some  plants  which  at  the 
time  of  the  test  showed  high  tar,  give  indications  of  better  past  perform- 
ance, as  judged  by  the  analyses  of  spent  oxide.  It  seems  as  though  regular 
tests  of  the  gas  for  tar  by  a  tar  camera  or  other  device  would  be  worth 
while  in  the  better  purifying  results  effected.  It  is,  however,  by  no  means 
common  to  find  plants  which  possess  the  necessary  apparatus  but  seldom 
use  it.  This  subject  deserves  more  consideration  than  is  ordinarily  given 
to  it.  It  is  probably  safe  to  say,  in  spite  of  the  difficulty  in  demonstrating 
to  a  certainty,  that  tar  interferes  with  purification  efficiency  more  than  any 
other  single  cause. 

METHODS  OF  REVIVIFICATION  IN  USE 

Inspection  of  Tables  3  and  4  is  likely  to  surprise  advocates  of  revivi- 
fication in  place.  It  will  be  noted  that  whereas  most  of  the  straight  water- 
gas  plants  introduce  from  1  to  2  per  cent  of  air  into  the  gas  prior  to  purifi- 
cation, the  mixed-gas  plants  with  one  exception  resort  to  the  old  method  of 
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revivifying  oxide  in  the  open  air.  Revivification  in  place  has  been  in  use 
for  many  years.  Its  theoretical  advantages,  especially  under  the  now 
•almost  universal  heating-value  standard,  are  almost  unquestionable.  Why 
then  is  it  not  more  universally  used?  One  coal-gas  operator,  when  ques- 
tioned in  regard  to  this  matter,  stated  that  his  retort  settings  leaked  so  that 
enough  air  was  admitted.  Whether  the  leakage  was  really  air  or  furnace 
gases  was  not  demonstrable  by  any  tests  made  in  his  plant.  Other  operators 
stated  that  so  light  a  seal  was  carried  on  the  hydraulic  main  that  air  was 
drawn  in  every  time  a  retort  was  opened.  While  it  is  perhaps  true  that 
there  is  oftentimes  considerable  leakage  of  air  or  gas  into  the  gas  system 
this  is  a  most  uncertain  and  doubtful  way  of  revivifying  in  place,  and 
possesses  other  disadvantages  as  well.  When  the  retorts  are  leaky,  it  may 
be  inadvisable  for  the  time  being  to  dilute  the  gas  any  further,  but  it  would 
hardly  seem  reasonable  that  this  uncertain  method  of  introducing  air  is  in 
vogue  in  a  majority  of  the  coal-gas  plants.  Other  objections  to  revivifica- 
tion in  place  are  frequently  advanced,  including  the  additional  cost  of 
enrichment  to  make  up  for  the  inert  nitrogen  introduced  into  the  gas. 
Another  objection  frequently  advanced  is  that  the  oxide  has  a  tendency  to 
cake  very  hard  when  revivification  in  place  is  tried.  It  is  probably  true 
that  where  an  attempt  is  made  to  completely  foul  an  oxide  to  its  capacity 
with  one  handling,  the  caking  will  be  pronounced,  but  it  is  believed  that  an 
attempt  to  carry  revivification  to  this  extreme  is  seldom  practiced.  Where 
caking  has  been  found  to  occur  with  revivification  in  place,  study  should 
be  given  to  the  subject  with  a  view  to  relieving  this  condition  without 
abandoning  revivification  in  place  altogether.  Some  operators  state  that  a 
lack  of  a  proper  amount  of  moisture  in  the  gas  is  a  fruitful  cause  of  caking. 
An  excessive  loading  of  the  material  with  iron,  whereby  the  weight  per 
bushel  is  greatly  increased,  might  cause  trouble,  especially  in  deep  beds  of 
oxide.  Under  such  conditions,  consideration  might  well  be  given  to  the 
question  whether  the  extra  iron  really  pays  for  itself  in  amount  of  absorp- 
tion obtained.  It  may  be  that  a  lighter  oxide  capable  of  revivifying  rapidly 
might  realize  a  considerably  greater  absorption  in  the  long  run.  The  car- 
rier used  may  also  be  a  factor  in  the  case.  If  the  carrier  consists  of  planer 
chips,  then  consideration  might  well  be  given  to  the  size  of  the  chips ;  per- 
haps the  particular  size  used  packs  too  much,  giving  a  better  opportunity 
for  the  sulphur  deposited  during  revivification  to  cement  the  particles  of 
oxide  together.  The  nature  of  the  carrier  is  one  of  the  objections  which 
has  been  presented  to  the  use  of  blast-furnace  slag  as  a  carrier  for  oxide.  It 
is  claimed  by  some  that  such  oxide  is  especially  likely  to  mat  together, 
giving  a  product  which  is  heavy  and  difficult  to  handle.  It  may  be  that 
this  type  of  material  might  be  objectionable  in  some  cases. 
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Another  reason  why  revivification  in  place  is  neglected  to  such  an 
extent  may  be  that  it  has  been  tried  and  that  results  do  not  bear  out  the 
perfonnance  expected.  In  such  cases,  it  would  be  well  to  ascertain  to  what 
extent  the  introduction  of  air  really  affected  the  matter,  and  whether,  as  ? 
matter  of  fact,  the  results  might  not  have  been  due  to  other  conditions. 

Timidity  about  introducing  air  into  the  gas  may  be  a  cause  of 
hesitancy  on  the  part  of  some  operators.  It  may  be  feared  that  the  quality 
of  the  gas  will  be  unduly  aflfected,  and  that  the  general  public  may  learn  of 
the  practice  and  misunderstanding  the  motive  behind  it,  raise  a  clamor. 
There  seems  little  real  foundation,  however,  for  such  forebodings,  as'  is 
evidenced  by  the  fact  that  some  of  the  best-operated  plants  have  used  the 
method  for  years  without  serious  protest. 

Revivification  in  the  off-box  was  practiced  in  only  ope  of  the  plants 
inspected,  namely,  in  Plant  No.  16.  The  cost  of  purification  in  this  plant 
was  lower  per  unit  of  hydrogen  sulphide  in  the  gas  than  in  any  other 
plant.  A  brief  description  of  the  method  as  applied  in  this  plant  may  be 
helpful. 

A  box  is  blown  shortly  after  it  begins  to  show  foul,  as  tested  by  lead 
acetate  paper.  At  that  time  the  box  is  usually  removing  about  60  per  cent 
of  the  HjS  in  the  gas  (this  would,  of  course,  depend  a  great  deal  upon  the 
nature  of  the  oxide).  The  rate  of  circulation  of  air  through  the  box  is  about 
2,000  cubic  feet  per  minute  (about  double  the  maximum  rate  of  gas  flow). 
The  air  is  blown  through  the  box  opposite  to  the  direction  of  gas  flow, 
just  previous  to  the  time  of  turning  ofl  the  box.  The  air  is  not  cooled 
during  circulation,  nor  is  any  steam  introduced  with  the  air.  This  was 
tried  at  one  time  but  resulted  in  warping  the  grids.  Temperature  observa- 
tions are  taken  on  the  air  as  it  leaves  the  box.  The  blowing  is  continued 
until  a  20°  F.  rise  in  temperature  is  observed.  At  this  point  the  fresh  air 
supply  is  cut  off  and  the  deoxygenated  air  circulation  is  continued  until  a 
decided  drop  in  temperature  is  observed.  Some  trouble  from  channelling 
and  local  heating  has  been  experienced.  The  oxide  is  usually  removed 
from  the  box  only  twice  before  final  discard.  The  oxide  has  a  tendency  to 
cake  harder  with  this  method  than  without.  Even  with  such  difficulties 
as  are  encountered,  the  superintendent  in  charge  considers  it  the  most 
economical  means  of  revivification.  As  has  been  mentioned  in  the  detailed 
description  of  the  purifying  equipment  of  this  plant  previously  given,  the 
boxes  in  which  this  method  of  revivification  is  used  are  arranged  for 
reversible  flow,  but  there  is  only  one  sequence  of  boxes  possible.  The 
superintendent  of  the  plant  expresses  the  opinion  that  were  the  sequence  of 
the  boxes  capable  of  alteration,  together  with  the  reversible  flow,  it  would  be 
possible  to  blow  the  boxes  before  they  became  very  foul  and  that  chan- 
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nelling  and  local  heating  troubles  as  well  as  caking  of  the  oxide  would  be 
largely  avoided. 

While  this  opinion  as  expressed  may  be  conjecture  only,  it  accords 
quite  well  with  the  conclusions  drawn  by  O.  B,  Evans  in  his  paper, 
entitled  "Revivification  in  place'*,  already  referred  to.  It  seems  likely  that 
the  temperature  rise  during  revivification  dries  out  the  oxide  to  a  consider- 
able extent  and  thereby  favors  caking.  Were  a  surface  condenser  or  other 
means  used  whereby  the  air  would  become  thoroughly  saturated  with 
moisture  during  circulation,  it  seems  likely  that  the  caking  would  be 
diminished,  since  the  water-saturated  air  would  have  a  tendency  to  keep 
the  oxide  moist. 

This  method  variously  modified  has  been  used  for  years  by  several 
large  gas  companies  and  from  the  experiences  in  the  plant  mentioned  above 
it  would  seem  to  merit  more  attention  from  Illinois  operators  than  it  has 
received. 

Even  the  practice  of  revivifying  oxide  in  the  open  air  could  be  im- 
proved in  a  number  of  cases.  It  is  not  uncommon  for  a  considerable  por- 
tion of  the  batch  to  overheat  during  revivification  in  the  open,  which,  of 
course,  has  a  detrimental  effect  on  the  sulphur-absorbing  capacity  of  the 
material. 

Revivification  in  place  seems  by  far  the  preferable  method.  Its 
advantages  might  well  be  studied  by  those  who  are  not  now  using  it.  The 
writers  can  do  no  better  than  to  refer  to  O.  B.  Evans'  paper,  "Revivifica- 
tion in  place",  presented  to  the  American  Gas  Association  at  their 
October,  1919,  meeting.  It  is  believed  that  the  Association  can  supply 
copies  of  this  paper  for  a  few  cents  each. 

LACK  OF  TESTS  AND  RECORDS 

In  every  plant  inspected  by  the  writer,  inquiries  were  made  relative 
10  the  chemical  control  of  purification  practiced  and  the  nature  of  the 
purifying  records  kept.  It  was  rather  surprising  to  learn  how  few  operators 
really  do  make  any  systematic  effort  to  study  their  purification  problem 
from  a  technical  standpoint.  In  a  majority  of  plants  the  lead  acetate  paper 
test  was  the  only  sulphur  test  made  aside  from  the  total  sulphur  test  on  the 
purified  gas,  required  by  the  Public  Utilities  Commission.  About  half  of 
the  plants  visited  possessed  a  Tutwiler  apparatus,  but  in  several  cases  the 
instrument  was  broken,  or  the  stop-cocks  were  stuck,  and  in  only  one  case 
which  we  recall  were  systematic  tests  made  every  day.  The  operators 
usually  had  only  a  hazy  idea  as  to  what  their  variouse  purifiers  were  doing. 

The  purifying  records  were  in  many  cases  fragmentary  and  in  a  few 
cases  kept  on  loose  sheets  of  paper.    In  a  few  cases  a  separate  oxide  batch 
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record  was  kept.  The  usual  record  showed  the  amount  of  gas  passed  by 
the  first  box  of  each  sequence,  between  changes,  and  usually  the  purifica- 
tion of  all  this  gas  was  credited  to  the  first  box.  The  sulphur  content  of 
the  unpurified  gas  often  varied  considerably  from  day  to  day,  but  this  was 
not  taken  into  account  in  crediting  a  particular  batch.  The  assumptions 
were  really  made,  so  far  as  the  records  went,  that  the  HgS  content  of  the 
gas  was  uniform,  and  that  the  various  batches  as  they  came  into  first  posi- 
tion would  average  up:  viz.,  the  first  batch  would  receive  credit  for  more 
than  actual  purification  to  offset  the  unearned  credit  given  to  other  batches 
while  they  were  in  first  position.  In  some  plants  Jinalyses  of  spent  oxides  had 
been  made,  chiefly  to  value  the  oxides  for  cyanide  recovery,  and  in  such  cases 
the  sulphur  per  bushel  was  reported,  but  except  in  such  cases,  the  records 
showed  no  figures  from  which  the  total  sulphur  absorption  of  a  batch  per 
bushel  could  be  computed  with  any  degree  of  accuracy.  In  the  one  plant 
where  tests  were  regularly  made  and  records  kept  of  batch  performance, 
it  is  interesting  to  note  that  the  total  cost  of  purification  per  100  grains  of 
HoS  in  the  gas  to  be  purified  is  lower  than  in  any  other  plant.  In  view 
of  the  small  expenditure  of  time  and  equipment  to  gain  this  information  it 
seems  worthy  of  more  consideration. 

Cost  of  Purification 

The  ultimate  criterion  by  which  the  gas  operator  judges  purification 
performance  in  his  plant  is  cost  per  1,000  cubic  feet  of  gas  purified.  So 
long  as  the  sulphur  content  of  the  unpurified  gas  remains  low  and  purifi- 
cation does  not  present  an  undue  amount  of  difficulty  from  an  operating 
standpoint,  the  operator  is  likely  to  be  satisfied,  provided  the  costs  are 
reasonably  low.  It  is  when  the  necessity  or  advantage  of  using  fuels  of 
higher  sulphur  content  presents  itself  or  when  the  costs  begin  to  mount 
that  the  average  operator  begins  to  inquire  into  purification  efficiencies. 

The  cost  figures  given  in  Tables  3  and  4  are  averages  for  1919.  Even 
a  casual  inspection  of  these  figures  in  connection  with  the  load  and  other 
conditions  in  the  various  plants  shows  that  there  is  no  direct  relation  be- 
tween purifier  load  and  purifying  costs  so  far  as  can  be  ascertained  from 
a  comparison  of  different  plants.  Operating  methods,  size  of  plant,  sul- 
phur content  of  the  gas,  cost  of  labor,  facilities  for  handling  oxide  to  and 
from  the  boxes,  cost  of  purifying  materials  (including  freight),  all  have 
much  influence  on  purifying  costs.  The  only  way  to  determine  the  effect 
of  a  single  factor  as  purifier  load,  would  be  to  make  an  extensive  compari- 
son of  costs  before  and  after  an  extension  of  the  purifying  system,  care 
being  taken  to  keep  all  other  factors  constant.  The  writers  have  no  data 
from  which  any  conclusions  can  be  drawn  relative  to  this  point. 
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Inspection  of  Tables  3  and  4  indicates  that  the  average  total  purifica- 
tion cost  in  the  mixed-gas  plants  (average  about  25  per  cent  water-gas)  is 
about  one-third  higher  than  the  average  cost  for  water-gas  plants,  but  the 
sulphur  content  of  the  mixed-gas  averages  considerably  higher  than  that  of 
the  water-gas  plants.  Calculated  to  a  basis  of  sulphur  absorbed  per 
bushel  of  oxide,  the  cost  of  mixed-gas  purification  would  probably  be  con- 
siderably lower  than  that  of  water-gas  purification.  The  gas  operator 
figures  all  his  operating  costs,  including  purification,  to  a  basis  of  1,000 
cubic  feet.  While  this  is  necessary  in  order  to  be  in  harmony  with  his 
other  operating  costs,  purification  results,  especially  in  different  plants, 
could  be  better  compared  on   the   basis   of   cost   per   pound   of   sulphur 

(or  H2S)  absorbed  per  bushel  of  oxide.  This  could  readily  be  determined 
from  the  purifying  cost  per  thousand  if  the  sulphur  content  of  the  oxide 

and  the  average  HgS  content  of  the  gas  were  known.  Regular  tests  and  a 
form  of  record  such  as  is  suggested  in  Appendix  B  of  this  paper  would 
furnish  the  necessary  information. 

The  operating  cost  is  of  course  only  a  part  of  the  cost  of  purification. 
The  capital  charges  on  the  equipment  are  just  as  truly  a  part  of  the  cost 
and  in  some  cases  they  may  approach  the  cost  of  operation.  In  making 
extensions  to  existing  equipment,  if  greater  efficiency  of  operation  is  the 
main  thing  sought,  it  is  well  to  inquire  whether  the  total  purification  cost 
will  be  decreased  by  the  added  equipment.  A  concrete  example  will  serve 
to  illustrate  this.  A  certain  plant  in  Illinois  has  a  total  annual  gas  output 
of  about  550  million  cubic. feet  of  gas.  Its  present  purifying  capacity  is 
40,000  cubic  feet  per  hour.  The  maximum  hourly  production  is  about 
110,000  cubic  feet.  The  purifying  apparatus  is  therefore  operating  at 
about  275  per  cent  of  its  rated  capacity.  In  spite  of  this  heavy  overload, 
the  total  purifying  operation  cost  for  1919  was  reported  as  only  0.7  cents 
per  1,000  cubic  feet  of  gas  purified.  Great  difficulty  has  been  experienced 
in  completely  purifying  the  gas  before  distribution  and  therefore  the  man- 
agement has  let  a  contract  for  a  new  purifier  which  together  with  the 
necessary  connections  to  tie  it  in  with  the  existing  boxes  will  cost  about 
$18,000.  The  capital  charges  on  the  old  equipment  are  not  known  and 
need  not  be  considered,  since  these  charges  will  remain  as  before,  even 
after  the  new  box  is  installed.  Capital  charges  on  the  new  investment  will 
be  about  14  per  cent  per  annum,  or  $2,520.  This  amount  will  correspond 
to  about  0.46  cents  per  1,000  cubic  feet  of  gas  purified,  which  is  consider- 
ably more  than  half  of  the  total  purifying  operating  cost  per  1,000  for  last 
year.  It  is  obvious,  therefore,  that  unless  the  purifying  operating  cost  can 
be  reduced  to  about  0.24  cents  per  thousand  there  will  be  no  immediate 
financial  gain  from  the  new  installation,   though  the  company  will   be 
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relieved  from  much  of  the  anxiety  under  which  it  has  been  placed.  This, 
while  perhaps  not  expressible  in  dollars  and  cents,  is  worth  considering. 
The  purifying  operating  cost  for  1919,  namely,  0.7  cents  per  thousand,  is 
lower  than  in  a  majority  of  plants  of  the  same  size,  and  it  is  possible  that 
it  is  not  absolutely  accurate.  There  is  often  considerable  difficulty,  for 
example,  in  equitably  distributing  the  cost  of  oxide  purchased  over  a  proper 
period  of  time.  That  such  an  error  might  have  been  present  in  this  case 
is  indicated  by  the  fact  that  the  purifying  materials  cost  was  only  0.2  cents 
per  thousand,  about  one^fourth  that  in  plants  obtaining  similar  efficiencies. 
The  labor  cost,  0.5  cents  per  thousand,  was  somewhat  higher  than  the 
average,  as  might  be  expected  from  the  exceptionally  overloaded  conditions 
prevailing.  The  total  purifying  operation  cost  was  therefore  probably 
nearer  1.3  cents  per  thousand.  The  cost  of  removing,  revivifying,  and  re- 
placing the  oxide  was  probably  at  least  5  cents  per  bushel.  This  would  cor- 
respond to  about  25  changes  of  oxide  per  year,  or  one  change  every  'two 
weeks.  The  gas  purified  per  change  was  only  «bout  10,577,000  cubic  feet, 
or  4,800  cubic  feet  per  bushel.  The  sulphur  absorption  was  therefore  only 
about  0.65  pounds  per  bushel  per  change.  If  the  analysis  of  the  spent  ox- 
ide from  this  plant  is  typical  of  the  perforance  obtained,  each  batch  prob- 
ably had  to  be  handled  about  eight  times  to  get  an  absorption  of  5.3  pounds 
of  sulphur  per  bushel,  and  the  oxide  was  discarded  when  it  had  taken  up 
only  about  one-third  as  much  sulphur  as  is  usually  absorbed  in  water-gas 
practice. 

The  new  installation  will  increase  the  computed  capacity  from  40,000 
cubic  feet  to  about  117,000  cubic  feet  per  hour.  The  arrangement  will  be 
such  that  there  will  be  complete  flexibility  as  to  sequence  of  boxes  and 
direction  of  flow.  Other  projected  improvements  should  result  in  bring- 
ing gas  containing  much  less  tar  than  heretofore,  to  the  purifiers,  so  that 
it  will  probably  be  possible  to  operate  with  much  less  handling  of  oxide. 
Assuming  that  each  batch  could  be  fouled  to  35  per  cent  sulphur  with  two 
changes,  this  would  amount,  with  the  present  sulphur  content  of  the  gas,  to 
a  removal  and  a  replacement  of  about  7,800  bushels  per  year.  At  5  cents 
per  bushel  for  handling;  the  annual  labor  cost  would  amount  to  $390,  or 
.07  cents  per  thousand.  An  average  of  about  3,900  bushels  of  oxide  would 
be  discarded  per  year.  Assuming  the  cost  of  40  cents  per  bushel  of  oxide 
f.  0.  b.  the  gas  plant,  this  would  amount  to  $1,560  per  year  or  0.29  cents 
per  thousand.  The  total  purifying  operation  cost  then  would  appear  to  be 
about  0.36  cents  per  thousand,  or  about  0.94  cents  per  thousand  less  than 
the  probable  cost  of  purification  for  1919,  or  0.34  cents  less  than  the 
reported  cost.  The  total  cost  including  capital  charges  will  be  about  0.82 
cents  per  thousand.    It  seems  then  that  after  adding  capital  charges,  even 
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if  operation  as  good  as  that  assumed  above  is  obtained,  the  company  can 
hardly  hope  to  purify  the  gas  as  cheaply  as  they  reported  last  year.  How- 
ever, even  after  adding  to  the  operation  costs,  the  capital  charges  due  to 
the  new  installation,  they  will  save  about  0.48  cents  per  thousand,  as  com- 
pared with  the  probable  actual  costs  of  operation  last  year.  In  arriving  at 
these  conclusions,  some  assumptions  have  been  made  which  may  or  may  not 
be  accurate,  but  the  example  serves  to  illustrate  the  nature  of  the  problem 
which  faces  the  operator  who  contemplates  an  extension  to  his  purifying 
system. 

As  has  been  previously  mentioned,  while  extensions  are  undoubtedly 
needed  in  a  number  of  cases,  good  operation  may  go  a  long  way  to  o£Fset 
insufficient  equipment.  On  the  other  hand,  cases  have  been  observed  where 
it  seemed  that  a  much  over-size  installation  gave  such  a  sense  of  security 
to  the  operator  that  his  watchfulness  was  relaxed  and  he  lost  the  oppor- 
tunities for  operating  economy  which  his  plant  facilities  would  have  per- 
mitted. 

CONCLUSION 

Though  considerable  improvement  in  purifying  conditions  in  indi- 
vidual cases  can  be  expected  by  application  of  the  various  suggestions 
which  have  been  made,  the  process  itself  has  inherent  faults  which  cannot 
be  avoided.  It  is  cumbersome,  requires  heavy  investment,  and  since  it 
involves  the  handling  of  solid  material  must  be  costly  in  operation.  Many 
gas  engineers  have  looked  forward  to  the  day  when  some  liquid  purification 
process  or  some  other  process  of  similar  theoretical  merit  would  supplant 
oxide  purification.  Many  such  processes  have  been  suggested  and  more 
than  one  has  had  promise  of  practicability.  The  fact  remains,  however, 
that  millions  of  dollars  are  now  invested  in  existing  equipment  for  purify- 
ing gas  by  iron  oxide.  Oxide  purifiers  are  continually  being  built  to  sup- 
plement those  now  in  use,  and  even  were  a  more  economical  process 
worked  out  for  purifying  gas,  the  replacement  would  necessarily  be  slow, 
since  not  all  companies  would  be  able  to  scrap  existing  equipment  at  once. 
Any  study  which  will  improve  operation  with  present  equipment  is  there- 
fore worth  while.  It  seems  as  though  the  greatest  promise  of  material 
advancement  in  oxide  purification  generally  lies  in  a  more  thorough  knowl- 
edge of  hydrated  oxide  of  iron  itself.  Our  knowledge  of  the  material  and 
the  chemical  and  physical  conditions  affecting  its  performance  is  incom- 
plete. Research  work  to  bring  forth  this  knowledge  is  needed.  Standard 
testing  methods  by  which  the  value  of  a  particular  material  can  be  quickly 
and  fairly  judged  are  also  needed.  Until  such  studies  are  made,  little 
radical  advancement  in  the  art  of  oxide  purification  is  to  be  looked  for. 
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A  cooperation  for  carrying  on  this  work  has  been  entered  into  by  the 
American  Gas  Association  and  the  agencies  of  the  Illinois  Cooperative 
Mining  Investigations  and  it  is  hoped  that  research  work  now  in  progress 
will  solve  some  of  the  problems  of  oxide  purification. 
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APPENDIX  A 

The  Steere  Engineering  Company^  formula  for  gas  purifiers  r^ 

^_3Q00  X  (D+C)  X  A 

"  S 

or, 
GXS 


3000  X  (D+C) 
Where  G==maximum  amount  in  cubic  feet  of  gas,  corrected  to  60°F., 
to  be  purified  per  hour. 

S=factor  for  grains  H^S  per  100  cu.  ft.  of  unpurified  gas,  as  given 
in  table  below. 

D== total  depth  of  oxide  through  which  the  gas  passes  consecutively 
in  the  purifier  set,  and  is  obtained  by  multiplying  the  depth  of  such  oxide 
per  box  by  the  number  of  boxes  in  series  in  the  set.  Where  a  single  catch 
box  is  used  for  two  or  more  sets,  disregard  the  catch  box  in  obtaining  the 
factor  "D". 


Note: — Duplex  boxes,  with  two  layers  of  oxide  each  and  divided  flow  of  gas.  whereby  half  the  gas 
passes  through  each  layer,  present  the  combined  area  of  the  two  layers  but  the  depth  of  one  layer  only 
to  the  passage  of  the  gas.  Therefore  the  area  "A"  of  a  duplex  box  is  the  sum  of  the  areas  of  the  two 
layers  of  oxide  or  double  the  cross-section  of  the  box.  The  depth  "D  "  is  the  depth  of  one  layer  of  oxide 
per  box  multiplied  by  the  number  of  boxes,  in  series,  in  the  set. 

A=cross-sectional  area  in  square  feet  of  the  oxide  through  which  the 
gas  passes  on  its  way  through  any  one  box,  in  series,  of  a  set. 

C=f actor,  4  for  two-box,  8  for  three-box,  and  10  for  four-box  series, 
respectively. 

Where  a  single  catch  box  is  used  for  two  two-box  sets,  use  factor 
C=6. 

3000=assembling  constant. 
Value  of  S  is: 

Grains  H.^S  per  100  cu.  ft.  unpurified  gas  Factor 

1000  or  more  720 

900  700 

800  675 

700  640 

600  600 

500  560 

400  •  525 

300  500 

200  or  less  480 


>For  detailed  explanation  see  Gas  Age.  vol.  43,  pp.  227.  1919.  or  Steere  Eng.  Co..  Bulletin  No.  37. 
1919. 

'Reprinted  by  permission  of  the  Steere  Engineering  Company. 
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APPENDIX  B 

Sample  record  forms  and  computations  for  keeping  account  of  oxide 
performance  and  the  status  of  various  oxide  batches  in  use : 

The  following  record  forms  are  suggested  only  as  embodying  most 
of  the  essential  features  of  a  record  which  would  give  the  gas  operator  a 
continuous  knowledge  of  the  performance  of  his  purifiers.  The  absorp- 
tion record  is  made  out  for  a  3-box  series  but  could  of  course  be  modified 
to  suit  the  conditions  in  any  given  plant.  The  actual  figures  given  are  not 
meant  to  indicate  just  what  absorptions  would  be  obtained  by  each  box; 
they  are  illustrative  only.  The  remarks  column  could  be  enlarged  to  give 
ample  space  for  other  notes,  such  as  when  the  direction  of  gas  flow  in  a 

particular  box  was  reversed.     In  the  case  illustrated  the  clean  box  is  pur- 
posely put  first  and  the  rotation  is  backward,  the  successive  sequences  being 

A—  B  —  C,     C  —  A—  B,     A—  B  —  C.     This  method  might 

be  applicable  to  any  order  desired.    The  time  between  chahges  of  sequence 

in  the  illustrated  form  has  no  significance.     In  some  cases  sever^  weeks 

might  elapse  between  changes  in  sequence  and  mpnths  between  refiUings 

of  a  box.      As  stated,  the  illustration  only  suggests  a  form  which  the 

operator  can  adapt  to  his  own  needs. 
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Where  a  box  is  emptied  during  the  month,  the  total  absorption  by 

that  batch  during  the  month  up  to  the  time  of  emptying  could  well  be 

entered  in  the  column,  preferably  in  red  ink.    Likewise  the  number  of  the 

batch  substituted  for  the  batch  removed  should  be  entered  in  the  same 

column  ahead  of  the  daily  entries.     The  total  absorption  by  each  batch 

while  in  a  box  is  entered  in  the  batch  record,  a  suggested  form  of  which 

follows : 

Batch  Record 

Batch  No 1    Kind  of  oxide .Natural    Bought  from 

Date  purchased 1-3-20    Wt.  oxide  per  bu 25     Price  per  bu.  (on  ton) t20  ton 

No.  bushels  in  bat  h 2500    Wt.  new  sponge  per  bu.  (air  dried) 35 


Date  put  into 
purifier 

Box 
No. 

Date  taken  out  of 
purifier 

Pounds  HjS 
absorbed 

Equivalent 
lbs.  sulphur 

Lbs.  sulphur 
per  bu.  oxide 

Remarks 

1.  12/20 

8'1  20 

A 
C 

B 
C 

7/6/20...... 

2/15/21 

8/17/21 

2/25/22 

6/20/22 

23500 
23000 
20000 
18000 
8000 

22100 
21600 
18820 
16900 
7540 

8.85 
8.65 
7.54 
6.76 
3.01 

.3/16/21 

41.0%  sulphur 
Batch   dis> 

9/30/21 

?/ 15/22 

cfrdcd 

Totals 

92500 

86960 

34.81 

'^  solphur  in  spent  oxide  ....; 49*5     %  tar  in  spent  oxide 2.0 

%  cyanides 

Note: — If  laboratory  facilities  are  available,  the  percentage  of  sulphur  in  the  oxide  could  be 
checked  each  time  before  the  batch  was  returned  to  use.  This  would  give  mere  accurate  total  results 
than  the  sum  of  the  Tutwiler  tests,  though  the  latter  are  very  useful  in  enabling  the  operator  to  know 
at  ail  times  the  condition  of  his  purifying  material.  The  sulphur  equivalent  to  a  given  weight  of  H  jS 
is  found  by  multiplying  the  latter  by  16  and  dividing  the  product  by  17.  The  batch  throughout  its 
usefulness  should  be  accompanied  by  a  batch  number,  prhferably  of  metal,  which  is  laid  on  the  box 
cover  or  otherwise  significantly  placed  while  the  batch  is  in  the  box  and  is  stuck  into  or  laid  upon  the 
batch  while  the  latter  is  revivifying  out  of  doors.  The  use  of  such  a  number  will  avoid  mistakes  as  to 
the  idf  ntity  of  a  given  batch. 

The  above  forms  could  of  course  be  printed  in  book  form  or  made  up 
as  desired.  The  absorption  record  would  require  a  page  per  month,  while 
the  batch  record  might  well  occupy  a  page  per  batch.  The  number  of 
entries  per  batch  would  depend  upon  the  practice  in  a  given  plant. 
Ordinarily  one  would  not  expect  to  handle  a  batch  more  than  four 
or  five  times,  perhaps  less,  but  there  are  conditions  which  make  many 
more  handlings  necessary.  Any  space  remaining  on  the  page  after 
the  entries  might  well  be  devoted  to  an  extension  of  the  remarks  giving 
some  information  relative  to  the  operating  methods  employed,  rapidity  of 
the  material  as  to  fouling  and  revivification,  presence  or  absence  of  tar, 
fineness  of  the  material  before  and  after  use,  caking,  etc.  Also,  if  any 
laboratory  tests  of  the  material  had  been  made  prior  to  or  during  use,  the 
agreement  of  these  tests  with  practical  results  observed  might  eventually 
be  valuable. 
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APPENDIX  C 
Determination  of  the  further  usefulness  of  a  given  batch  of  oxide, 
according  to  the  formula^  of  Fulweiler  and  Kunberger:^ 
Average  cost  of  purification  =A^  per  M  cu,  ft.  of  gas 

Cost  of  new  oxide  ^^B^  per  bushel 

Residual  value  of  old  oxide  =«C^  per  bushel 

Cost  of  removing,  revivif>'ing,  and  replacing      =*D^  per  bushel 
Gas  already  purified  by  one  bushel  =E  thousands  of  cu.  ft. 

Number  of  times  oxide  has  already  been  used=F  times 
Average  H^S  content  per  M  cu.  ft.  =G  pounds 

Weight  of  one  bushel  of  oxide  =H  pounds 

Per  cent  of  H2S  removed  by  test  =1  per  cent 

Capital  charge  per  M  cu.  ft.  =J^  per  M 

Then 

(B-C)  +  (FXD) 
A £ +J 

But  J  is  a  constant  (practically  for  such  a  problem)  that  does  not 
affect  this  calculation,  so  we  may  write  it : 

(B-C)  +  (FXD) 
Operating  cost=(A— J)  = P 

The  question  then,  whether  or  not  it  will  pay  to  use  a  batch  again 
with  any  given  absorption  test  I,  depends  upon  whether 

(B-C)  +  (FX1)D] 
p.,  HXI 

is  equal  to;  greater  than;  or  less  than  the  average  (A — ^J).    For  the  sake 

of  a  numerical  example,  let  us  assume  that 

(A-J)=1.0^ 
B=35.0^ 
C==0 

E=40.  (M  cu.  ft.  of  gas) 
F==4  times 
G=0.25  lbs. 
H=50  lbs. 

1=5% 

Then 

(35-0)  +  (5x5) 


(A-J)  = 


(50X.05) 


'  Used  by  permission  of  W.  H.  Fulweiler. 

•Some  of  the  phisical  characteristics  of  ferric  oxide:     Proc.  American  Gas  Institute,  1913,  Vol 
8.  Pt.  I.  p.  476. 
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so  that  using  this  batch  would  increase  the  average  cost  considerably.  To 
get  the  minimum  economical  percentage  that  would  just  equal  the  average 
cost,  we  have — 


I 


(A-J)XH 
Substituting  the  assumed  values  we  obtain — 


(B-C)  +  [(F+1)XD]-.[(A-J)XE]   } 


0.25 


(1X50) 


(35_0)  4-[  (4+1)  X5]— (1X40)  1 


I— .10  or  10% 

In  applying  the  above  formula  part  of  the  information  is  known  and 
the  remainder  may  be  obtained  by  test.  For  example,  the  monthly  cost 
statement,  if  carefully  prepared  and  correct,  will  give  the  value  (A — ^J), 
viz.,  the  purifying  operating  cost  (includes  purifying  labor  and  purifying 
supplies  per  M).  Invoices  for  purifying  material  purchased  plus  freight 
and  handling  into  storage  give  the  value  B  when  figured  per  bushel.  The 
value  of  C  will  be  0  in  many  cases,  but  if  the  oxide  is  sold  or  used  in  such 
a  way  that  a  money  value  can  be  assigned  to  it,  then  the  value  per  bushel 
can  be  readily  obtained.  D  may  be  estimated  by  keeping  careful  account  of 
the  cost  of  emptjang  a  box,  handling  the  oxide  during  revivification,  and 
putting  back  in  the  box,  and  dividing  by  the  number  of  bushels  so  handled. 
The  value  of  £  is  not  so  definite,  since  a  particular  batch  may  be  credited 
with  some  work  done  by  other  batches.  If  the  plan  for  keeping  account  of 
oxide  performance  suggested  in  the  text  of  this  paper  and  illustrated  in 
Appendix  B  is  followed,  no  difficulty  should  be  experienced,  since  the 
average  HjS  content  of  the  gas  (in  pounds  sulphur  per  M)  as  recorded, 
divided  into  the  pounds  of  sulphur  absorbed  per  bushel  by  the  oxide,  will 
give  the  thousands  of  cubic  feet  of  gas  already  purified.  Or,  if  an  analysis 
could  be  made  for  sulphur  content  of  the  oxide,  the  number  of  cubic  feet 
of  gas  of  average  HjS  content  corresponding  to  the  sulphur  per  bushel 
could  be  readily  computed.  For  example,  assume  that  the  air-dried  oxide 
averaged  30  per  cent  sulphur,  and  that  oxide  weighed  50  pounds  per  bushel, 
the  sulphur  per  bushel  would  be  .30X50=15  pounds. 

15  pounds=  105,000  grains  of  sulphur,  or 

105,000X34 
j^ ^112,000  grains  H^S. 

If  the  average  HjS  content  of  the  gas  is  100  grains  HgS  per  1  cu.  ft., 
then  this  gas  purified  by  the  oxide  per  bushel  is 

112,000 
j 112,000  cu.  ft. 
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The  number  of  times  the  batch  in  question  has  been  used,  F,  can  also 
be  quickly  ascertained  from  the  batch  record  as  illustrated  in  Appendix 
B.  G.,  the  average  HjS  content  per  M  cu.  ft.  can  readily  be  obtained  from 
the  record  referred  to  over  any  period  of  time.  The  average  content  in 
grains  per  100  cu.  ft.  is  multiplied  by  10  and  the  product  divided  by  7,000 
to  convert  grains  to  pounds.  The  weight  per  bushel  of  oxide,  H,  can 
probably  be  obtained  with  sufficient  accuracy  by  spreading  out  and  air- 
drying  a  bushel  of  oxide  made  up  from  samples  taken  from  all  parts  of  the 
batch  and  then  weighing  on  a  good  scale.  The  value  of  I  has  to  be 
obtained  by  a  laboratory  test.  The  apparatus  employed  (aside  from  a 
chemical  balance,  which  is  essential)  is  shown  in  the  accompanying  sketch, 
Figure  5. 
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Figure  5  — Kunberger  apparatus  for  testing  oxides  for  gas  purification.  A  is  a 
Kipp  gas  generator,  fi  is^  the  stop  cock  controlling  the  generation  and  flow  of  gas. 
C  IS  the  drying  tube.  D  is  the  tube  containing  the  oxide  under  test  and  calcium 
chloride  for  absorbing  the  water  liberated. 

In  the  sketch,  A  is  Kipp  gas  generator  made  of  glass  in  which  HoS 
is  generated  by  the  action  of  hydrochloric  acid  or  dilute  sulphuric  acid  on 
ferrous  sulphide.  The  generation  and  flow  of  gas  is  controlled  by  the  stop- 
cock B.  The  U-tube  C  contains  granulated  fused  calcium  chloride  to  dry 
the  HjS.  The  calcium  chloride  tube,  D,  contains  in  the  straight  part  of 
the  tube,  5  grains  of  the  oxide  to  be  tested,  mixed  with  about  2  grains  of 
coarse  sifted  sawdust,  followed  by  granulated  fused  calcium  chloride  in  the 
bulb  of  the  tube.  Little  wads  of  glass  wool  are  placed  in  the  ends  of  this 
tube  and  between  the  oxide^  and  the  calcium  chloride  to  retain  the  materials 
in  their  proper  places  and  prevent  any  from  dropping  out  while  weighing. 
Where  sponge,  viz.,  mixed  oxide,  is  to  be  tested,  no  sawdust  is  mixed  with 
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the  samples.    A  coarsely  ground  sample  of  the  sponge  is  used.     Care  must 
be  taken  to  get  a  truly  representative  sample. 

After  the  tubes  are  filled,  D  is  weighed  on  a  chemical  balance.  Then 
it  is  connected  to  the  apparatus,  as  shown,  and  dried.  HgS  is  passed 
through  it  slowly  for  one  hour.  During  the  reaction  H2S  is  decomposed 
by  the  oxide  and  water  is  formed.  The  water  formed  is  retained  by  the 
calcium  chloride  in  the  bulb  of  the  tube  therefore,  the  gain  in  weight  of  the 
tube  during  the  time  gas  is  passing  through  the  tube  is  the  weight  of  the 
tube  during  the  time  gas  is  passing  through  the  tube  is  the  weight  of  the 
H2S  absorbed,  and  the  percentage  is  computed  by  dividing  this  gain  in 
weight  by  the  weight  of  the  sample  taken  for  test. 
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COAL  RESOURCES  OF  DISTRICT  IV 

By  Gilbert  H.  Cady 


PART  I.— GEOLOGIC  RELATIONS  IN  DISTRICT  IV 


INTRODUCTION 

Importance  of  the  Area 

District  IV  of  the  Illinois  Cooperative  Investigations  (Fig.  1) 
includes  that  part  of  the  central  portion  of  the  State  in  which  the  coal 
production  is  from  the  No.  5  or  Springfield  bed.  Within  the  district 
He  those  counties  having  a  large  production  from  No.  5  coal,  namely, 
all  of  Peoria  County,  a  large  part  of  Fulton  County,  and  the  part 
of  Sangamon  County  north  of  Chatham ;  and  in  addition  other  counties 
or  parts  of  counties  which  produce  smaller  amounts,  or  are  at  least 
underlain  by  this  coal,  namely,  Cass,  Christian,  Dewitt,  Knox,  Logan, 
McLean,  Macon,  Mason,  Menard,  and  Tazewell.  From  the  entire  dis- 
trict in  the  year  ending  June  30,  1920,  over  1 1  million  tons  were  pro- 
duced from  the  No.  5  bed.  Among  the  districts  of  the  Cooperative  In- 
vestigations this  one  ranks  third  in  order  of  production.  In  area  it 
ranks  second,  and  in  amount  of  workable  coal  present  possibly  first. 
The  quantity  produced  since  1881  approximates  140  million  tons  from 
No.  5  coal,  a  tonnage  which  represents  only  a  small  per  cent  of  the 
coal  originally  present  in  the  area. 

The  present  report  is  one  of  a  series  on  the  geology  of  the  coal- 
bearing  rocks  and  on  the  coal  resources  of  Illinois.  The  coal  field 
has  been  subdivided  into  districts  for  convenience,  study,  and  descrip- 
tion, the  basis  for  the  subdivision  being  stated  in  the  preliminary 
bulletin^  of  the  series.  The  outlines  of  the  various  districts  are  in- 
dicated on  the  accompanying  sketch  map  (Fig.  1). 

Acknowledgments 

As  has  been  the  case  with  earlier  reports  in  the  series,  this  bulle- 
tin represents  compilation  of  material  secured  from  various  sources. 


iPreliminary  Bulletin  Illinois  Coal  Mining  Investigations,  p.  12,  1913. 
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Fig.  1.— Map  showing  extent  of  District  IV  and  an  adjacent  area  covered 
in  the  report. 
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Reports  on  the  three  important  coal-mining  areas  in  the  district,  name- 
ly those  in  Fulton,  Peoria,  and  Sangamon  counties,  have  already  been 
published  and  another  is  in  manuscript  form.^ 

Acknowledgment  is  herewith  made  of  a  large  use  of  the  material 
presented  in  these  reports,  considerable  parts  of  which  are  directly 
quoted.  Of  special  assistance  have  been  the  field  notes  of  members 
of  the  Investigations,  especially  those  of  K.  D.  White  and  F.  H.  Kay. 
The  miscellaneous  notes  of  J.  A.  Udden,  F.  F.  Grout,  W.  F.  Wheeler, 
Thomas  Moses,  T.  E.  Savage,  and  others  have  also  been  of  great  as- 
sistance. 

The  availability  of  drill  and  shaft  records  and  the  information  col- 
lected in  the  mines  is  due  to  the  courtesy  of  the  operators  and  miners 
in  the  district.  Grateful  acknowledgment  is  made  of  the  Survey's 
indebtedness  to  the  kindness  and  generosity  of  those  in  a  position  to 
give  information  necessary  for  its  work  in  connection  with  the  coal 
mining  industry  in  this  and  other  districts. 

Geography 

TOPOGRAPHY   AND  GLACIAL  DRIFT 

District  IV  is  an  area  of  undulating  plain  which  slopes  toward  the 
valley  of  the  Illinois.  Much  of  the  area  is  monotonously  level,  the 
Illinois  valley  being  the  single  important  interruption  in  the 
continuity  of  the  plain.  This  valley  has  a  depth  of  about  200  to  250 
feet  between  Peoria  and  Chillicothe. 

The  surface  of  central  Illinois  is  essentially  as  left  by  the  last  re- 
treating glacier,  deposits  from  which  filled  up  and  obliterated  all  sur- 
face indications  of  valleys  and  other  irregularities  which  existed  in  the 
rock  surface  prior  to  glacial  time.  Within  certain  lobate  belts  2  to 
10  miles  in  width  which  mark  stationary  positions  of  the  ice  front  for 
long  periods,  thicker  amounts  of  material  accumulated  in  ridges  known 
as  glacial  moraines  that  rise  100  feet  or  more  above  the  adjacent  bor- 
dering plains  and  that  are  rolling  and  irregular  in  profile.  The  "drift," 
as  the  material  left  by  the  ice  is  called,  is  commonly  thicker  beneath 


iShaw,  E.  W.,  and  Savagre.  T.  E.,  U.  S.  GeoL  Survey  Geol.  Atlas,   Tallula- 
Springrfleld  foHo  (No.  188),  1913. 

Udden»   J.   A.    Geology    and    mineral    resources    of   the    Peoria    quadrangle, 
niinois:  U.  S.  Geol.  Survey  Bull.  506,  1912. 

SsLVSLge,   T.   B..    Geology    and   mineral    resources    of   the    Springfield   quad- 
rangle: Illinois  State  Survey  Bull.  20,  p.  97,  1915. 

Savage,  T.  B.,  Geologic  structure  of  the  Canton  and  Avon  quadrangles:  111. 
State  Geol.  Survey  Bull.  33,  p.  91,  1916. 
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!.  2. — Map  showing  position  of  the  glacial 


in  District  IV. 
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the  moraine  than  beneath  the  plains,  and  the  height  and  position  of 
the  moraine  seems  not  to  be  controlled  by  the  relief  of  the  bed  rock. 

Students  of  glacial  geology  in  Illinois  have  mapped  two  moraines 
crossing  District  IV  east  of  the  Illinois  (Fig.  2),  the  two  uniting 
north  of  Peoria  and  running  as  a  single  ridge  of  thick  drift  parallel 
to  and  west  of  the  Illinois  valley  through  northeastern  Peoria  Coun- 
ty and  western  Marshall  County,  to  and  beyond  the  boundary  of 
the  district.  East  of  the  Illinois,  one  ridge,  known  as  the  Shelbyville 
moraine,  swings  in  lobate  curves  southward  through  central  Tazewell, 
eastward  through  northeast  Logan,  south  through  eastern  Dewitt  and 
central  Macon  counties  into  Shelby  County.  Clinton,  Decatur,  and 
Shelbyville  are  located  on  or  near  this  moraine,  as  are  also  the  villages 
of  Macon,  Harristown,  Warrensburg,  Hallsville,  Waynesville,  Atlanta, 
and  Delavan.  Throughout  much  of  its  course  the  moraine  rises  or- 
dinarily 75  to  100  feet  above  the  plain  and  stands  out  in  bold  relief 
when  viewed  from  the  south  or  outer  border.  "From  the  north  the 
relief  is  less  noticeable,  and  is  more  pronounced  for  a  few  miles  north 
and  south  of  the  Illinois  River  than  elsewhere  in  its  course,  but  even 
there  scarcely  exceeds  75  feet."^  The  moraine  has  a  breadth  of  sev- 
eral miles,  averaging  six  to  eight,  but  in  places  as  much  as  twelve. 

The  relief  of  the  Shelbyville  moraine  is  a  rough  indication  of 
the  increase  in  thickness  of  the  drift  along  the  ridge  as  compared  with 
its  thickness  on  the  plains  within  and  without  the  moraine.  In  other 
words,  along  these  ridges  a  greater  thickness  of  unconsolidated  sur- 
face material  must  be  penetrated  in  drilling  or  shaft  sinking  than  off 
the  ridges.  The  following  table  shows  the  depth  to  the  rock  at  a  num- 
ber of  places  along  the  Shelbyville  moraine. 

Thickness  of  drift  along  the  Shelbyville  moraine 

Feet 

Findlay    168 

Windsor,  Shelby  County,  more  than 127 

Macon 170 

Decatur    140 

Maroa    273 

Clinton    352,  261 

Atlanta,  more  than 200 

Delavan,  more  than 300 

The  foregoing  figures  may  well  be  compared  with  the  following, 
which  show  the  drift  to  be  much  thinner  at  certain  places  south  and 
west  of  the  moraine. 

iLeverett,  Frank,  The  lUinols  srlacial  lobe:    U.  S.  Geological  Survey  Mono- 
graph 88,  p.  194,  1899. 
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Thickness  of  drift  soiUk  and  west  of  the  ShelbyvUle  moraine 

Feet 

Shelbyville    27 

Tower   Hill    31 

Blue  Mound 75 

Niantic    82 

The  northern  morainic  belt  extending  from  Peoria  through  Mc- 
Lean County  is  known  as  the  Bloomington  moraine.  Its  relief  on  the 
southern  border  seldom  falls  below  50  feet ;  the  average  relief  is  prob- 
ably 75  or  100  feet.  In  Tazewell  County  the  surface  south  of  the 
moraine  varies  in  altitude  from  650  to  725  feet,  whereas  the  crest 
of  the  moraine  has  an  altitude  varying  from  700  to  825  feet  above 
sea  level.  In  McLean  County  the  outer  border  varies  in  altitude  from 
700  to  820  feet  and  the  crest  from  775  to  913  feet  above  sea  level. 

Along  the  Bloomington  moraine  as  along  the  Shelbyville  ridge,  the 
drift  is  much  thicker  than  in  the  bordering  plains.  In  one  shaft  at 
Bloomington  254  feet  of  drift  were  encountered  and  358  feet  in  an- 
other. Some  of  this  difference  is  no  doubt  due  to  irregularity  in  the 
bed-rock  surface.  At  Saybrook  a  drilling  passed  through  247  feet  of 
drift  and  at  Washington  in  Tazewell  County  335  feet. 

East  and  north  of  the  moraine  in  Woodford  County  at  Eureka 
the  drift  is  151  feet  in  thickness.  In  general,  it  is  believed  to  be  thin- 
ner than  along  the  ridge,  by  an  amount  just  about  equivalent  to  the  re- 
lief of  the  moraine.  At  the  position  of  preglacial  depressions  or  valleys, 
the  distribution  and  direction  of  which  are  independent  of  the  posi- 
tion of  the  moraines,  the  drift  is  always  exceptionally  thick,  in  the  plain 
as  well  as  along  the  moraine. 

The  thickness  of  glacial  material  has  an  important  bearing  on 
mining  operations  because  shaft  sinking  is  commonly  more  difficult 
through  unconsolidated  material  of  glacial  origin  than  through  rock. 
Especially  is  this  true  if  the  drift  is  thick  and  made  up  in  part  of 
beds  of  water-bearing  gravel,  as  is  commonly  the  case.  For  in- 
stance, in  a  drilling  near  Washington  in  Tazewell  County,  the  lower 
128  feet  of  the  335  feet  of  drift  present  is  described  as  sand,  quick- 
sand, and  gravel.  The  possibility  that  a  considerable  amount  of  such 
material  may  be  present  makes  it  very  important  to  determine  the  char- 
acter of  the  drift  to  the  rock,  before  locating  a  shaft  near  or  in  one  of 
the  morainic  belts:  A  definite  knowledge  of  the  position  and  trend 
of  the  various  large  preglacial  valleys  would  be  of  much  practical 
value,  as  where  these  exist  the  drift  is  commonly  made  up  of  a 
larger  proportion  of  loose,  water-bearing  material  than  it  is  elsewhere. 
Unfortunately  this  information  is  not  available  except  for  small  areas 
in  the  district  where  detailed  field  examinations  have  been  made. 
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TRANSPORTATION  AND  MARKETS 


Except  as  the  relief  of  the  country  reflects  changes  in  the  char- 
acter and  thickness  of  the  drift  or  other  surface  material,  physio- 
graphic factors  in  Illinois  exercise  little  control  over  the  coal  industry. 
To  a  certain  extent,  however,  the  Illinois  valley  is  a  barrier  separating 
the  coal  lands  in  Schuyler,  Fulton,  Peoria,  and  Knox  counties  from 
those  east  of  the  river.  As  a  result  the  market  for  coals  west  of  the 
river  has  been  more  largely  to  the  west  than,  is  the  case  with  coals 
east  of  the  river.  Within  each  part  of  the  district  communication  is 
easy  and  railroads  numerous.  The  western  portion  is,  however,  less 
fortunate  than  the  eastern  because  it  is  served  by  fewer  railroads,  is 
more  dissected  by  streams,  and  is  not  everywhere  so  readily  acces- 
sible. In  general,  however,  the  district  is  in  close  touch  by  railroad 
with  Chicago,  St.  Louis,  and  the  markets  of  the  northwest. 

The  importance  to  the  coal  industry  of  Illinois  River  as  a  means 
of  river  transportation  for  the  district  may  well  be  pointed  out. 
The  coal  mines  of  Peoria  and  Tazewell  counties  are  especially  acces- 
sible to  barge  traffic  and  it  is  not  improbable  that  with  improve- 
ment Sangamon  River  could  be  made  suitable  for  water  transportation 
as  far  upstream  as  Petersburg,  Menard  County,  and  possibly  even  to 
Springfield.  It  is  possible  likewise  that  Spoon  River  could  be  used  in 
the  same  way  for  some  distance  above  its  mouth.  This  is  a  transpor- 
tation resource  of  great  potential  usefulness  which  at  present  is  al- 
most entirely  neglected,  as  only  one  mine  in  the  area,  namely  that  at 
Lancaster  Landing  is  equipped  with  facilities  for  barge  loading. 

TOWNS 

Several  important  cities  and  many  smaller  towns  and  villages  lie 
within  the  area.  Springfield,  Peoria,  Bloomington,  Decatur,  Clinton, 
Canton,  Lincoln,  and  Pekin  are  the  larger  cities  of  the  district.  In 
each  of  these  communities  except  Clinton  the  coal-mining  industry 
has  been  an  agent  contributory  to  its  growth. 

Use  of  Drili,  Records 

Exploration  work  with  the  drill  has  been  carried  on  much  less  ex- 
tensively in  this  district  than  in  other  districts  of  the  State  with  the 
exception  of  District  III  to  the  west.  It  is  important,  therefore, 
that  the  Survey  be  furnished  with  the  results  of  all  new  drilling  in 
this  district;  especially  is  this  true  in  Menard,  Logan,  and  Dewitt 
counties,  where  there  has  been  so  little  drilling  that  the  stratigraphic 
succession  remains  in  considerable  doubt.  Records  of  drilling  should 
be  supplied  so  far  as  possible,  and  the  examination  by  members  of 


16  COAL  RESOURCES  OF  DISTRICT  IV 

the  Survey  of  churn-drill  cuttings  and  diamond-drill  cores  is  highly 
desirable.  Upon  request  cloth  sacks  in  which  cuttings  can  be  saved, 
will  be  furnished  drillers  or  operators  using  the  churn-drill  in  ex- 
ploration work.  After  40  or  50  of  the  sacks  have  been  filled  they  may 
be  forwarded  to  the  State  Geological  Survey,  Urbana,  by  express 
collect.  It  is  highly  desirable  that  operators  arrange  for  such  study 
as  outlined  in  connection  with  contemplated  drilling  operations.  Drill 
cores  are  the  best  means  of  studying  the  formations  in  a  drift-covered 
area  of  flat-lying  rocks  like  Illinois,  and  through  the  cooperation  of 
operators  it  has  been  possible  for  the  Survey  to  obtain  such  cores  from 
a  number  of  places  in  the  State  for  examination  in  this  office.  One 
core  has  been  furnished  from  this  district,  coming  from  a  well  located 
just  south  of  Springfield,  and  it  is  hoped  that  opportunities  will  arise 
of  obtaining  others  at  various  localities  in  this  district.  Upon  request 
the  Survey  will  furnish  boxes  suitable  for  the  shipment  of  diamond- 
drill  cores. 


ROCK  FORMATIONS  OF  DISTRICT  IV 

COAIv-BEARING  RoCKS 
GENERAL  DESCRIPTION 

The  coal-bearing  strata  in  Illinois  belong,  with  unimportant  ex- 
ceptions, to  what  is  known  as  the  Pennsylvanian  system  of  strata,  so 
called  because  the  system  is  very  completely  represented  by  the  coal- 
bearing  strata  of  that  State.  This  system  is  also  commonly  called  the 
"Coal  Measures,"  a  name  which  will  be  used  frequently  in  this  report. 
The  Pennsylvanian  strata  are  underlain  by  strata  of  various  ages;  in 
the  southern  part  of  the  district  by  rocks  of  Mississippian  age,  the 
next  preceding  system;  and  in  the  northern  part  of  the  coal  basin  by 
rocks  of  still  older  systems,  specifically  of  Devonian  and  Silurian  age. 
These  relationships  are  shown  in  figure  3.  In  District  IV  the  north- 
em  boundary  of  the  Mississippian  rocks  below  the  "Coal  Measures" 
runs  east  and  west,  north  of  Peoria  and  Bloomington,  and  Devonian 
or  possibly  Niagaran  strata  underlie  the  Pennsylvanian  rocks  north 
of  the  Mississippian  boundary  to  some  distance  north  of  the  boun- 
dary of  the  district.  The  Pennsylvanian  system  is  overlain  by  the 
unconsolidated  clays,  sands,  and  gravels  which  constitute  the  glacial 
drift,  as  explained  in  an  earlier  section  of  the  bulletin,  or  by  river 
deposits.  Without  this  covering  the  coal-bearing  beds  would  form 
the  surface  material  for  the  entire  area  considered  in  this  report. 

The  strata  of  the  Pennsylvanian  or  'Coal  Measures"  system  con- 
sist of  shales  and  sandstones,  and  minor  amounts  of  limestone,  clay, 
and  coal.  The  system  thickens  gradually  toward  the  southeast  part 
of  the  State,  where  it  attains  a  thickness  of  about  2,000  feet.  In  this 
district  the  greatest  known  thickness  of  the  "Coal  Measures"  is  along 
its  south  boundary  in  Macon  County,  where  the  base  of  the  Pennsyl- 
vanian lies  at  a  depth  of  about  1,100  feet,  with  drift  of  variable  thick- 
ness up  to  about  200  feet  at  the  surface.  In  the  western  part  of  the 
district  the  Pennsylvanian  or  "Coal  Measures"  strata  have  a  thick- 
ness of  only  about  200  feet  or  less,  the  thinning  being  largely  due  to 
the  gradual  rising  of  the  strata  in  that  direction,  the  upper  beds  being 
planed  off  or  truncated  by  erosion.  In  the  northern  part  of  the  area 
the  base  of  the  Pennsylvanian  rocks  lies  at  a  depth  of  between  300  and 
600  feet,  depending  upon  the  altitude  of  the  surface. 

Shales  comprise  the  greater  part  of  the  strata  and  vary,  on  the 
one  hand,  through  sandy  shales  to  sandstones,  and  on  the  other, 
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—Map  showing  the  area!  geology  of  the  surface  upon  which  the 
Pennsylvania!)  strata  were  deposited. 
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through  limy  shales  to  limestones.  A  commonly  occurring  grayish, 
fine-grained,  well-laminated  shale,  which  is  very  slippery  when  wet  is 
called  "soapstone"  by  the  miners.  Hard  gray  shale  with  well-devel- 
loped  laminae  goes  under  the  name  of  "slate,"  especially  if  its  color 
is  dark  or  black.  Shale  containing  a  considerable  amount  of  lime- 
stone distributed  irregularly  may  receive  the  name  "lime  shell"  or 
simply  "shell"  from  the  miner  or  driller.  "Niggerheads"  are  concre- 
tionary masses  of  lime  and  iron  pyrites  or  lime  alone,  having  more 
or  less  concentric  structure,  which  are  found  in  some  of  the  "Coal 
Measures"  strata.  Such  concretionary  nodules  or  masses  are  com- 
monly found  in  the  roof  shale  of  the  No.  5  (Springfield)  coal  in  this 
district. 

Sandstones  are  prominent  at  several  horizons  in  the  Pennsyl- 
vanian.  The  system  commonly  terminates  at  the  base  in  a  coarse  sand- 
stone, especially  in  the  western  part  of  the  district.  Other  sandstones 
are  rather  widespread  about  the  middle  of  the  system.  These  beds 
are  generally  lenticular  in  cross-section  and  some,  especially  in  the 
vicinity  of  Peoria,  seem  to  be  in  the  nature  of  channel  deposits  of 
rather  local  distribution;  accordingly,  the  sandstones  cannot  be  identi- 
fied with  much  certainty  from  drill  hole  to  drill  hole,  particularly  when 
the  drilling  is  as  scattered  as  it  is  in  this  district.  The  sandstones  are 
commonly  fine-grained  and  micaceous,  with  numerous  fragments  of 
coaly  material  embedded  in  them,  which  represent  logs,  branches,  or 
pieces  of  wood  which  were  buried  in  the  sand. 

The  limestones,  although  constituting  but  a  small  part  of  the 
"Coal  Measures,"  are  nevertheless  stratigraphically  important,  as  they 
furnish  a  means  of  identifying  strata  with  which  they  are  associated. 
Several  horizons  have  been  identified  and  traced  over  a  large  part  of 
this  and  adjoining  areas.  One  of  these  is  the  cap  rock  of  No.  6  coal 
which  is  commonly  found  less  than  30  feet  above  the  coal.  In  a  few 
places  this  limestone  is  reported  to  rest  directly  upon  the  coal,  but 
most  commonly  it  is  separated  from  the  coal  by  a  few  feet  of  shale.  A 
limestone  known  as  the  Lonsdale  in  the  Peoria  district  and  as  the 
Rock  Creek  in  the  Springfield  district  seems  to  be  widespread  in 
District  IV.  This  limestone  is  found  about  100  feet  above  No.  6  coal 
in  Peoria  County  and  about  75  feet  above  the  coal  in  the  Springfield 
area.  It  has  been  traced  west  into  Fulton  County,  north  into  Bureau 
County,  and  northeast  into  Livingston  and  LaSalle  counties.  In  the 
southern  part  of  the  district  two  limestones  are  found  in  the  interval 
lying  between  2Q0  and  300  feet  above  No.  6  coal.  The  lower  is  known 
as  the  CarlinviU^.^nd  the  upper  as  the  Shoal  Creek  limestone.  Where 
only  one  of  the^e -limestones  is  recorded  by  the  driller  it  is  not  always 
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possible  to  determine  which  one  is  present.  In  the  Springfield  region  a 
limestone  known  as  the  Crows  Mill  limestone,  found  about  230  feet 
above  No.  6  coal,  may  correspond  either  to  the  Carlinville  or  to  the 
Shoal  Creek  limestone.  The  New  Haven  limestone,  which  lies  about 
500  feet  above  No.  6  coal,  and  is  of  rather  wide  distribution  in  the 
southern  half  of  the  coal  basin,  is  not  known  to  underlie  any  of  this 
district  except  possibly  southern  Macon  and  northern  Christian  coun- 
ties. 

Fire  clays  are  normally  associated  with  coal  beds.  Fire  clays 
at  or  near  the  top  of  the  Pottsville  formation  have  some  economic 
importance  in  the  western  counties  of  this  district,  chiefly  in  Schuyler 
and  Fulton  counties,  but  these  clays  are  of  still  greater  importance  west 
of  the  district. 

DIVISIONS  OF   PENNSYI.VANIAN   SYSTEM 

For  convenience  of  study,  the  coal-bearing  beds  of  Illinois  have 
been  separated  into  the  following  divisions,  each  of  which  is  called  a 
formation.  The  formations  are  numbered  in  the  order  of  age  and 
deposition : 

3.    McLeansboro 
2.     Carbondale 
1.     Pottsville 


POTTSVIIvLE    FORMATION 
GENERAL  DESCRIPTION 

The  Pottsville  formation,  the  oldest  division  of  the  "Coal  Meas- 
ures" rocks,  consists  of  a  succession  of  sandstones,  shales,  and  thin 
coals,  all  of  which  lie  below  No.  2  coal.  The  beds  were  deposited  upon 
an  old  land  surface  and  consequently  are  variable  in  thickness  and 
character.  Furthermore,  these  deposits  were  apparently  made  in  a 
rising  sea,  in  a  relatively  shallow  basin,  so  that  the  upper  beds  of 
the  formation  are  more  widespread  than  the  lower,  and  the  forma- 
tion becomes  thinner  toward  the  border  of  the  coal  field. 

Information  concerning  the  Pottsville  in  this  district  is  based 
upon  exposures  in  Schuyler  and  Fulton  counties  and  a  few  drillings  in 
Fulton,  Peoria,  Sangamon,  Logan,  Macon,  and  McLean  counties.  The 
log  of  one  of  these  drill  holes,  located  half  a  mile  southwest  of  Spring- 
field in  the  S.E.  ^  sec.  5,  T.  15  N.,  R.  5  W.,  supplies  the  most  re- 
liable section  of  the  Pottsville  formation  in  the  Survey  files.  The 
drillers'  record  of  this  hole,  together  with  the  core,  was  turned  over 
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to  the  Survey.    The  log,  verified  and  revised  from  the  core  by  T.  E. 
Savage,  is  given  below  and  is  shown  graphically  on  Plate  II : 


Log  of  boring  half  a  mile  southwest  of  Springfield^  in  the  S,  E,  %  sec,  5, 

T.  IS  N.,  R.  5  W.^ 


Description  of  Strata 


Quaternary  system 

Pleistocene  and  Recent — 

Clay  and  gravel 

Pennsylvanian  system — 

McLcansboro  formation — 

Coal  (No.  8) 

Qay  shale. 


Shale,  fine,  gray,  micaceous,  sandy 

Sandstone,  fine  grained,  gray. 

Shale,  sandy,  micaceous 

Shale,  fine,  sandy,  micaceous,  with 

many  dark  carbonaceous  spots.. 

Shale,  dark 

Shale,  bluish,  micaceous 

Shale,  dark  bluish,  fossiliferous 

Shale,  dark  blue. 

Shale,  black,  coaly  (No.  7  coal) 

Qay  shale,  light  gray 

Shale,   gray,   with   red   bands   and 

blotches 

Limestone,  gray  argillaceous 

Shale,  gray 

Shale,  da rk 

Shale,  yellowish,  calcareous 

Limestone    with   FustUina,    Reticu- 

laria,  Seminula^  and  Producius 

semireticulatiu. 

Shale,  blue  to  gray 

Carbondale  formation — 

Coal,  Herrin  (No.  6) 

Shale,  bluish  gray 

Shale,  light  gray 

Shale,  gray,  calcareous 

Shale,  gray 

Limestone,  gray,  shaly 
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Log  of  boring  half  a  w,ile  southwest  of  Springfield — Continued 


Description  of  Strata 


Shale,    black,    fissile,    with    Orhicu 

loidea  and  other  fossils 

Shale,  black,  shelly,  pyritiferous 

Coal,  Springfield  (No.  5) 

Shale,  gray  (fire  clay) 

Shale,  bluish.^ _ 

Shale,  black 

Shale,  gray 

Shale,  grayish  blue  to  yellow 

Coal  (No.  4) 

Shale,  gray,  impure  (fire  clay) 

Shale,  black,  carbonaceous 

Shale,  dark 

Shale,  blue 

Shale,  black 

Coal  (No.  3) 

Shale,  clay 

Shale,  bluish  gray 

Shale,  black 

Coal 

Shale,  blue 

Shale,  sandy,  micaceous , 

Shale,  bluish.^ 

Shale,  gray 

Sandstone,  shaly,  micaceous , 

Shale,  bluish™ 

Sandstone,  coarse  grained,  micaceous 

Shale,  dark,  micaceous 

Clay  shale.- 

Shale,  brown,  with  hard  bands 

Coal  ]  ^ 

Dark  shale  r^°^^  (^^"^P^y^^°^° 

Coal  J     or  No.  2) 

Pottsville  formation — 

Shale,  blue 

Shale,  dark 

Clay  shale.» 

Shale,  dark  gray 

Coal 

Shale,  dark  gray 

Shale,  black 

Shale,  gray 

Shale,  black 

Shale,  light  gray 

Shale,  dark,  slickensidcd 
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413 

1 

3 

414 

3 

11 

418 

.... 

10 

419 

8 

427 

10 

•  ms* 

437 

2 

*••* 

439 

12 

2 

451 

1 

4 

452 

6 

6 

459 

4 

•••■ 

463 

6 

•••• 

469 

5 

6 

474 

1 

6 

476 

6 

476 

tn. 


1 
1 


4 

7 

6 
6 
6 


3 
2 


2 
6 


6 
6 
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Log  of  boring  half  a  mile  southwest  of  Springfield — Continued 


Description  of  Strata 


Thickness 


Shale,  light 

Shale,  dark 

Shale,  sandy 

Shale,  light  blue 

Shale,  dark  blue 

Shale,  light,  clayey 

Shale,  black 

Coal  (No.  1?) 

Shale,  black 

Sandstone,  coarse,  carbonaceous,  in 

places  micaceous 

Sandstone 

Shale,  dark 

Shale,  light 

Shale,  black 

Shale,  conglomeratic,  carbonaceous, 

and  gray  sandstone 

Shale,  dark 

Shale,  conglomeratic,  dark,  and  sand- 
stone interlaminated 

Sandstone,  coarse,  brown  to  gray 

Mississippian  system — 

St.  Louid  and  Spergen  limestones — 

Limestone 

Shale,  hard,  light  colored 

Limestone,  light  gray,  argillaceous, 

somewhat  conglomeratic 

Limestone,  argillaceous 

Limestone,  impure,  argillaceous 

Shale,  gray,  in  places  calcareous  and 

somewhat  conglomeratic .« 

Limestone,  gray.- 

Shale,  bluish,  variable  and  somewhat 

calcareous 

Limestone,  impure,  gray,  in  places 

with  argillaceous  bands 

Limestone,  gray.- 

Limestone,  arenaceous 

Limestone,  dark,  sandy 

Shale,  impure 

Shale,  calcareous 

Limestone,   impure,    shaly,   and 

places  sandy 

Limestone,  white. 

Limestone,  sandy  or  shaly... 


in 


Ft. 
3 
49 
IS 
1 
1 
7 
1 

24 

13 
1 

27 
4 
2 

23 
6 

4 
36 


12 

2 

11 
11 

26 

15 
7 

10 

16 

20 

14 

8 

2 

9 

35 

5 

12 


m. 
6 


10 
10 


4 

2 


10 
2 


Depth 


Ft. 
480 
529 
544 
545 
546 
553 
554 
555 
580 

593 
594 
621 
625 
627 

650 
656 

661 
697 


710 
712 

723 
734 
760 

775 
782 

792 

808 
828 
842 
850 
852 
861 

896 
901 
913 


m. 


4 
4 
4 
4 

4 
2 


4 

6 
6 

4 

6 
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Log  of  boring  half  a  mile  southwest  of  Springfield — Oneluded 


Description  of  Strata 

Thickness 

Depth 

Warsaw  and  Keokuk  formations — 

Shale,  calcareous 

Shale,  blue 

Ft. 

14 
5 
3 
2 
4 
1 

12 
6 
3 
1 
2 
3 

14 
19 
15 
33 
3 
6 
14 

4 
20 

9 
15 

7 
10 

16 

9 

16 

43 
14 
11 
34 

53 

133 
28 

In. 

6 
4 
2 

3 
9 
6 
6 

4 

8 

6 
6 

Ft. 

927 

932 

935 

938 

942 

943 

955 

961 

964 

965 

967 

971 

985 

1005 

1020 

1053 

1057 

1063 

1077 

1081 
1101 
1110 
1125 
1132 
1142 

1158 
1167 
1183 

1227 
1241 
1252 
1286 

1339 

1472 
1500 

In. 
6 

Shale,  sandy 

10 

Shale,  blue 

Shale,  dark 

Limestone 

Shale,  gray 

Shale,  blue ^ 

Shale,  sandy 

Sandstone 

... 

Shale,  sandy 

3 

Sandstone 

Shale,  sandy... 

6 

Shale,  bluish  eray 

Shale,  hard,  gray 

Shale,  hard,  bluish  gray 

Limestone,  oolitic 

4 

Shale,  blue 

Shale,  blue,  with  limestone  bands 

Burlington  limestone — 

Limestone,  hard,  with  chert  bands... 
Limestone,  hard,  gray. 

...-. 

Limestone 

Limestone,  broken,  cherty 

Limestone,  cherty 

Chert. 

6 

Limestone,    cherty,    with    Spirifer 
grimesi  and  other  fossils 

6 

Chert,  with  some  limestone 

6 

Limestone,  with  some  cherL 

6 

Kinderhook  group — 

Limestone,  reddish,  shaly,  in  places 
cherty 

Limestone,  gray,  with  chert  bands.... 

Shale,  greenish 

Shale,  hard,  greenish  eray 

— 

Shale,  bluish  gray,  upper  part  with 

zones  of  fine-grained  oolite 

Devonian  system — 

Shale,    black   or    very    dark,    with 
SporangitrSf  Linguhf  etc.,  com- 
mon  

— 

Limestone,  gray 

•*•• 
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STRATA  COMPRISING  THE  POTTSVILLE  FORMATION 

The  rock  at  the  base  of  the  Pottsville  formation  is  commonly  a 
coarse-grained  sandstone.  Such  a  sandstone  is  present  in  the  well 
near  Springfield,  as  shown  in  the  log  reproduced  above  with  a  thick- 
ness of  about  36  feet,  with  conglomerate  shale  beds  above  for  a  dis- 
tance of  25  or  30  feet.  Thirty  feet  of  sandstone  lie  near  the  base 
of  the  Pennsylvanian  in  a  well  near  Macon  at  a  depth  of  about  1,020 
feet  In  the  Peoria  region  the  base  of  the  Pennsylvanian  seems  to 
be  argillaceous  material  reported  as  either  soapstone  or  shale,  a  sand- 
stone 10  feet  in  thickness  being  reported  in  one  out  of  seven  water 
wells.*  Farther  west  in  Fulton  County  where  the  Pottsville  is  relative- 
ly thin  the  basal  member  is  commonly  sandstone  or  sandy  shale.  To- 
ward the  northern  part  of  the  district  and  farther  north  in  District  I 
sandstone  is  not  a  conspicuous  constituent  of  the  Pottsville.  It  seems 
probable,  therefore,  that  the  basal  sandstone  member  is  limited  in  dis- 
tribution to  the  western  border  of  the  district  and  to  the  central  and 
southern  portions  with  possibly  a  greater  thickness  to  the  south- 
east than  elsewhere. 

Other  sandstones  are  not  uncommon  in  the  Pottsville  formation 
east  of  the  Illinois  and  probably,  as  in  District  VII,  they  are  variable 
in  character  and  distribution.  Drillings  are  too  few,  however,  to  test 
this  probability  or  to  justify  reliable  generalizations  concerning  the 
details  of  the  rock  succession  over  much  of  the  area.  A  sandstone  or 
sandy  shale  is  noted  in  several  wells  in  the  upper  90  feet  of  the  forma- 
tion above  the  horizon  of  No.  1  coal  as  noted  below. 

A  few  coals  lie  within  the  Pottsville.  Locally  one  bed,  known  as 
No.  1  (Rock  Island,  or  Seville)  coal,  is  of  workable  thickness.  This 
is  one  of  the  two  important  coals  of  District  III  to  the  west  and  is  of 
workable  thickness  beneath  at  least  part  of  Fulton  Coimty  in  this  dis- 
trict. The  coal  is  mined  at  Seville  and  EUisville  along  Spoon  River, 
where  it  occurs  about  midway  in  the  Pottsville  section,  35  to  55  feet 
below  No.  2  coal.  At  Seville  it  is  3  to  4J4  feet  thick  and  at  EUisville 
3  to  Syi  feet.  The  character  and  distribution  of  No.  1  coal  in  Fulton 
and  Peoria  counties  will  receive  attention  in  greater  detail  in  later 
sections  of  the  report,  and  in  the  bulletin  describing  the  coal  resources 
of  District  III. 

In  the  Peoria  region  what  is  possibly  No.  1  coal  lies  130  feet 


lUdden,  J.  A.p  Qeologry  and  mineral  resources  of  the  Peoria  quadrangle: 
U.  &  Oeol.  Survey  Bull.  606,  p.  13,  1912. 
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below  No.  2  coal.*     This  coal  was  at  one  time  mined  in  a  shaft  at 
Pottstown.     Doctor  Udden  states  in  regard  to  it: 

"It  is  in  two  benches,  the  lower  one  varying  from  2  feet  2  inches  to  3 
feet  in  the  Pottstown  mine,  and  the  upper  measuring  about  1  foot  3  inches. 
The  two  benches  are  separated  by  nearly  3  feet  of  shale.  The  average 
thickness  of  the  coal  and  the  included  shale  is  6  feet."  ^ 

At  Peoria  a  thin,  probably  lenticular,  coal  lies  at  a  still  greater 
depth,  about  80  to  104  feet,  below  No.  1  coal,  or  20  feet  above  the 
base  of  the  Pottsville  formation  at  one  locality.  The  Pottstown  shafts 
and  two  water  wells  penetrated  a  thin  coal  about  40  feet  above  the 
horizon  of  No,  1  coal.  Between  this  coal  and  No.  2  all  exploration  in 
the  Peoria  region  shows  considerable  sandstone  or  sandy  shale  meas- 
uring from  70  to  80  feet  in  thickness. 

fn  the  Springfield  region  a  10-inch  coal  bed  which  lies  about  142 
feet  above  the  base  of  the  Pennsylvanian  system  and  140  feet  below 
No.  2  coal,  probably  corresponds  to  the  coal  designated  as  No.  1  in  the 
Peoria  region.  One  boring,  at  least,  indicates  the  presence  of  sand- 
stone between  No.  1  and  No.  2  coals  as  in  the  Peoria  region.  A  coal 
12  to  16  inches  thick  is  found  in  places  in  the  Springfield  region  35  to 
40  feet  below  No.  2  coal. 

Farther  west  a  record  of  a  diamond-drill  boring  at  Blue  Mound 
in  Macon  County  reports  several  coals  in  the  upper  130  feet  of  the 
Pottsville  formation.  The  record  of  the  boring  at  Blue  Mound  is 
reproduced  herewith  and  is  shown  graphically  on  Plate  II. 

Record  of  a  diamond-drill  boring  near  Blue  Mound,  Macon  County 


Description  of  Strata 


Quaternary  system — 

Pleistocene  and  Recent — 

Clay  and  sand 

Sand 

Clay  and  coarse  gravel 

Clay  and  gravel  cemented 

Clay,  blue 

Clay  and  gravel,  cemented. 

Clay  and  sand 

Clay  and  gravel,  cemented.__ 
Boulders  and  gravel 


Thickness 

De 

Ft. 

In. 

Ft. 

18 

*••• 

18 

5 

•"•• 

23 

3 

•»• 

26 

5 

•«•* 

31 

22 

•••• 

53 

3 

*■  ■« 

56 

14 

•••• 

70 

3 

*••« 

73 

2 

— •- 

75 

In. 


lOp.  clt.,  p.  24. 
20p.  cit.,   p.   26. 
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Record  of  a  diamond-drill  boring  near  Blue  Mound — Continued 


Description  of  Strata 


Pcnnsylvanian  system — 
.  McLeansboro — 

Clay  and  shale,  sofL 

Qay,  soft 

Shale,  black 

Coal,  bone. 

Qay  and  shale,  sofL_.._ 

Sand  shale 

Limestone 

Sandstone 

Clay  shale._ 

Clay  shale.- 

Qay  shale.- 

Qay  shale  with  hard  bands 

Qay  shale.- 

Limestone  (Carlinville?)._ 

Clay  shale,  blue 

Shale,  black 

Shale,  dark  blue...- 

Bone 

Fire  clay 

Limestone,  bastard 

Qay  shale,  blue 

Limestone. 

Qay  shale,  light 

Sand  and  limestone  mixed  with  shale 

Shale,  sandy 

Shale,  sandy 

Sand  shale 

Sand  shale 

Qay  shale •.... 

Qay  shale.- i 

Shale,  black •.. 

Coal 

Fire  clay , 

Shale,  clay 

Qay  shale  with  hard  bands 

Qay  shale  with  hard  bands 

Qay  shale,  black.: 

Qay  shale,  soft,  will  cave 

"Soapstone,"  softj  red .-. 

"Soapstone,"  soft,  red 

Limestone 

Qay  shale... 

Qay  shale. -. 

^ — 


Thickness 


ft. 


23 
1 
1 

10 
3 
5 
6 
9 

20 
9 

22 
6 
9 
1 
4 
7 

5 
7 
7 
1 
6 
S 
11 
5 
8 
7 

16 

10 

1 

1 

9 

17 

22 

IS 

12 

5 

3 

4 

6 

14 


tn. 


6 
6 


10 
2 


6 
6 


Depth 


//. 


98 
99 
100 
100 
111 
114 
119 
125 
134 
154 
163 
185 
191 
200 
201 
205 
212 
213 
218 
225 
232 
233 
239 
244 
255 
260 
268 
275 
291 
301 
302 
302 
304 
313 
330 
350 
365 
377 
382 
385 
389 
395 
409 


tn. 


10 
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Record  of  a  diamond-drill  boring  near  Blue  Mound — Continued 


Description  of  Strata 


Clay  shale 

Qay  shale.. 

Qay  shale 

Shale,  dark  blue 

Coal 

Fire  Clay. 

Coal 

Clay  shale 

Limestone 

Clay  shale 

Carbondale — 

Coal  (No.  6) 

Shale 

Limestone 

Qay  shale... 

Clay  shale.. , 

Shale,  black 

Coal,  clean  parting  (No.  5) 

Fire  clay 

Clay  shale.. 

Clay  shale.. 

Clay  shale 

Shale,  black 

Coal 

Shale,  soft  crumbly 

Clay  shale... 

Clay  shale  with  hard  bands... 

Clay  shale  with  hard  bands 

Coal 

Sand,  clay,  shale,  mixed 

Sand,  clay,  shale,  mixed 

Shale,  black  sandy. 

Coal 

Qay  and  sandy  shale  mixed.. 
Qay  and  sandy  shale  mixed.. 

Clay  shale.. 

Coal 

Shale,  mucky 
Shale,  mucky 
Sandstone,  hard 
Shale,  black 
Coal 

Shale,  black 
Coal  mixed  with 
sulphur 


(No.  2  coal) ' 


Thickness 


ft. 
6 
4 

9 

4 
2 
1 

13 
4 
4 

3 
1 
4 
10 
7 
3 
5 
1 
8 

14 

12 

3 

1 

3 

5 

21 

18 

3 

12 
2 
2 
1 
5 

18 
13 
1 
1 
1 
9 
1 


m. 


8 
6 
6 
8 
8 
6 
3 

6 
3 
6 


3 
6 
3 


8 
4 


6 
6 


5 
7 

4 
2 
6 


3 
7 


Depth 


ft. 
415 
419 
428 
432 
435 
436 
437 
451 
455 
459 

463 
464 
469 
479 
486 
389 
494 
495 
504 
518 
530 
533 
534 
538 
543 
564 
582 
585 
598 
600 
602 
603 
608 
626 
639 
640 
642 
643 
652 
653 
653 
655 

658 


m. 


8 
2 
8 
4 

6 
3 

3 
6 


3 
9 


8 


4 
6 


3 
10 
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Record  of  a  diamond^rill  boring  near  Bhie  Mound — Concluded 


Description  of  Strata 


Pottsville— 

Fire  clay 

Qay  shale. 

Sandstone 

Sandstone   and   sand   shale   mixed 
Flowing  salt  water  at  670  feet,.. 

Clay  shale  with  hard  bands 

Shale,  black. 

•  Coal 

Clay  shale. 

Clay  shale. 

Qay  shale. 

Sandstone 

Shale,  black 

CoaL 

Qay  shale 

Qay  shale. 

Shale,  dark 

Qay  shale. 

CoaL 

Qay  shale 

Coal..... 

Qay  shale. 

Shale,  dark 

Coal  and  sulphur. 

Sandstone  and  sand  shale 

Qay  shale,  dark. 

Clay  shale,  darL— 

Shale,  black. 

Coal 
Qay  shale 

Sandstone    (No.  1  coal?) < 

Sand  shale  1 
Coal  J 

Qay  shale. 

Sandstone 

Sandstone 

Sand  shale  and  clay  shale  mixed 

Qay  shale. 

Sandstone 

Sandstone,  hard ^ 


Thickness 


Ft, 

1 
4 
4 

IS 
7 
2 

•■■■ 

1 

12 
3 
6 
3 

2 

14 
2 
2 

1 

3 
3 

10 
2 
3 
7 

3 

3 
10 

3 

1 

14 
11 

6 
12 

5 
10 


In, 

6 
3 


6 
3 
6 
9 


8 
4 


2 

10 
6 
6 

8 
4 


8 
4 


Depth 


Ft, 

659 
664 
668 

683 

690 

692 

693 

695 

707 

710 

716 

719 

719 

732 

736 

738 

740 

740 

742 

742 

746 

749 

749 

760 

762 

765 

772 

772 

776 

779 

789 

792 

793 

807 

818 

823 

835 

840 

850 


In, 


6 
9 
3 


8 


2 
6 

8 


8 
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On  the  basis  of  the  correlation  made  in  Plate  II,  a  rough  simi- 
larity is  apparent  in  the  sections  at  Blue  Mound  and  Assumption, 
with  an  interval  between  coals  No.  5  and  No.  2  in  one  locality  of  145 
feet  and  in  the  other  155,  and  an  interval  betwen  No.  1  and  No.  2 
of  115  feet  at  Blue  Mound  and  131  feet  7  inches  at  Assumption. 
These  latter  figures  are  not  greatly  different  from  those  given  for 
the  interval  between  No.  1  and  No.  2  coals  in  the  Springfield  and 
Peoria  region. 

In  Sangamon,  Macon,  and  Christian  counties  No.  2  coal  seems 
to  be  everywhere  in  two  benches. 

A  thin  coal  about  30  to  40  feet  below  No.  2  is  apparently  wide- 
spread as  far  northward  as  District  I  in  Marshall  and  Bureau  counties, 
and  is  possibly  present  at  La  Salle. 

Limestone  in  the  Pottsville  is  rather  uncommon  except  in  the 
western  part  of  the  district  between  No.  1  and  No.  2  coals.  In  Dis- 
trict III  from  Greene  County  to  Rock  Island  County  a  limestone  is 
nearly  everywhere  found  between  the  two  coals,  commonly  within  a 
few  feet  of  the  upper  coal,  so  that  the  underclay  of  this  coal  rests 
upon  the  limestone.  This  relationship,  however,  is  more  common  to 
the  south  than  to  the  north  as  the  interval  increases  northward.  In 
Fulton  County,  No.  1  coal  is  commonly  overlain  by  a  dark,  shaly, 
somewhat  impure  limestone  that  varies  in  thickness  from  5  to  20 
feet,  which  may  be  separated  from  the  coal  by  J/$  to  3  feet  of  dark 
shale.  Between  the  limestone  and  No.  2  coal  is  an  interval  of  about 
35  to  40  feet. 

Except  in  the  southeastern  portion  of  the  district  the  Pottsville 
sediments  rest  on  a  thick  limestone  of  Mississippian  age  and  the 
base  can  be  definitely  placed.  In  Macon  and  adjacent  counties  the 
Pennsylvanian  system  seems  to  be  underlain  by  rocks  belonging  to  the 
Chester  group  of  the  Mississippian  system.  These  strata  resemble  the 
rocks  of  the  Pottsville  formation  in  being  largely  sandstone  and 
sandy  shales,  so  that  it  is  not  always  possible  to  determine  the  posi- 
tion of  contact  of  the  two  systems.  The  Chester,  however,  contains 
some  limestone  members,  and  as  limestones  are  generally  lacking  in 
the  Pottsville,  it  is  the  custom  in  the  interpretation  of  drilling  rec- 
ords from  the  central  and  southern  part  of  the  State  arbitrarily  to 
place  the  base  of  the  Pottsville  at  the  top  of  the  first  limestone  after 
the  drill  has  passed  through  all  the  main  coal  beds  and  has  been 
working  for  some  distance  in  a  series  composed  mostly  of  sandstone. 
The  top  of  the  formation  is  difficult  to  identify  where  No.  2  coal  is 
absent  or  not  reported;  in  the  Springfield  region  it  averages  about 
240  feet  below  No.  6  coal ;  in  the  Peoria  region  in  one  shaft  it  is  140 
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feet*  below  No.  6 ;  in  Macon  County  it  is  about  200  feet  below  No.  6. 
In  general  there  is  a  decrease  in  interval  northward  through  the  State 
with  the  greatest  difference  taking  place  near  the  boundary  between 
Districts  VII  and  IV. 

David  White^  has  studied  the  fossil  plants  found  in  the  forma- 
tions and  regards  the  Illinois  beds  as  corresponding  in  age  to  beds 
of  the  same  name  in  Pennsylvania. 

CARBONDAI.E   FORMATION 
GENERAL   DESCRIPTION 

The  Carbondale  formation  which  is  typically  exposed  near  Qar- 
bondale,  Jackson  County,  includes  all  the  beds  from  the  base  of  No. 
2  coal  to  the  top  of  No.  6  coal.  Shale  predominates  in  this  formation, 
and  only  lenticular  sandstones  and  minor  amounts  of  limestone  and 
coal  are  present.  The  Carbondale  includes  all  of  the  productive  coal 
beds  in  Illinois,  except  the  Rock  Island  or  Seville  (No.  1),  the  Dan- 
ville or  Streator  (No.  7)  coals,  three  beds  below  No.  2  mined 
locally  in  Gallatin  County,  and  two  or  three  beds,  high  in  the  Penn- 
sylvanian  system,  mined  locally  in  the  southeastern  part  of  the  State. 
Its  total  thickness  varies  from  about  240  feet  at  Springfield  and  in 
the  southeastern  part  of  the  district,  to  about  150  to  175  feet  in  the 
northern  and  northwestern  parts. 

The  coal  beds  of  commercial  thickness  in  the  region  are  No.  2, 
No.  5,  and  No.  6.  The  significance  of  these  numbers  has  been  ade- 
quately explained  in  preceding  bulletins  of  this  series,  as  has  also  the 
system  of  geographic  names  used  by  the  State  and  the  U.  S.  Geological 
Surveys  for  the  same  coals.  By  this  system  No.  2  coal  is  called  the  Mur- 
physboro.  La  Salle,  or  Colchester  coal ;  No.  5  coal  is  called  the  Spring- 
field or  Harrisburg  coal;,  and. No.  6  the  Herrin,  Belleville,  or  Grape 
Creek  coal.  Similarly,  No.  1  of  the  Pottsville  formation  has  been  de- 
signated the  Rock  Island  or  Seville  coal,  and  No.  7  of  the  McLeans- 
boro  formation,  the.  Danville  or  Streator  coal.  It  has  been  regarded 
as  advantageous  by  the  State  Geological  Survey  to  continue  the  use  of 
numbers  as  synonymous  with  place  names  in  this  series  of  bulletins, 
calling  attention,  however,  to  the  synonymous  nomenclature. 

The  area  of  District  IV  includes  most  of  that  part  of  the  State 
lying  along  the  Illinois  valley,  wherein  exposures  of  coal  beds  are 


iWhite.  David,  Paleontologrical  work  In  Illinois  in  1908:  111.  State  GeoL  Sur- 
vey Bull,  14.  -p.  193,  1910. 
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found  that  furnished  the  basis  for  the  Illinois  valley  section  of  the 
"Coal  Measures"  prepared  by  Worthen  and  presented  in  Volume  III 
of  the  Geological  Survey  of  Illinois  (pages  3  to  6).  In  this  region 
Worthen  believed  that  he  had  identified  ten  beds  of  coal  in  a  vertical 
thickness  of  about  600  feet.  All  were  identified  in  the  immediate  vicin- 
ity of  Illinois  River  except  coal  No.  4,  which  was  seen  only  near 
Cuba  in  Fulton  County.  He  numbered  the  coals  from  No.  1  up- 
ward, Nos.  1,  2,  5,  and  6  corresponding  to  the  numbers  now  being 
used  for  the  respective  beds.  After  investigations  in  the  Fulton 
County  region,  Professor  T.  E.  Savage  states  that  the  bed  identified 
by  Worthen  as  No.  4  is  really  No.  5,  the  original  error  being  due  to  a 
decrease  in  the  interval  (undiscovered  by  Worthen)  between  No.  2  and 
No.  5  coals  toward  the  west  in  Fulton  County.  Worthen's  No.  3 
coal  has  possibly  not  been  identified  with  certainty  by  later  investi- 
gators. 

STRATA  COMPRISING  THE   CARBONDALE   FORMATION 

The  rock  strata  listed  by  Worthen^  in  the  Carbondale  portion  of 
his  section  of  the  "Coal  Measures"  in  central  and  northern  Illinois 
are  as  follows : 

Thickness  Total 

of  stratum      thickness 

Feet  Feet 

Coal  (No.  6)   6  6 

Fire  clay  passing  into  nodular  limestone  with  fossils  3  9 

Sandstone  and  sandy  or  argillaceous  shale 35  44 

Limestone,  hard,  bituminous 2  46 

Shale,  black  3  49 

Coal  (No.  5)    6  55 

Fire  clay,  some  places  passing  into  argillaceous  lime- 
stone      3  58 

Shale  and  sandstone  20  78 

Coal  (No.  4)    3  81 

Sandstone  and  sandy  shale  with  dark  blue  and  choco- 
late-colored bands  at  the  base 80-100  181 

Coal  (No.  3)   3  184 

Sandstone   and   sandy   shales  becoming  argillaceous 
toward  the  base  and  inclosing  nodules  with  fossil 

plants,  insects,  fishes,  etc 75  259 

Coal   (No.  2)    3  262 

The  stratigraphic  units  of  the  Carbondale  in  the  Avon-Canton 
quadrangles  as  determined  by  T.  E.  Savage,  are  believed  to  be  more 
accurate  than  those  of  Worthen,  and  are  as  follows: 

iWorthen,  A.  H.,  Geologrlcal  Survey  of  lUlnois,  Vol.  Ill,  pp.  6  and  6,  1868. 
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Total 
Thickness         thickness 

Ft.  In.         Ft.      In. 

16.     Coal  (No.  6,  or  Herrin)   4-6  6 

15.     Shale,  gray  to  yellow  6-8  . .  14 

14.     Shale,  sandy,  and  thin  sandstone  layers  and 

sandstone  13  . .  27 

Unconformity 

13.  Shale,  gray  (Canton  shale)   17  . .  44 

12.  Shale,  blue  to  gray,  calcareous;  "clod" 1  8  45  8 

11.  Limestone,  nodular    8  46  4 

10.  Shale,  black   2  . .  48  4 

9.  Coal  (No.  5,  or  Springfield)    5  8  63  7 

8-  Clay   2  6  56  1 

7.  Limestone,  nodular    1  . .  57  1 

6.  Shale,  gray   12  2  69  3 

5.  Sandstone  and  sandy  shale   25  . .  94  3 

4.  Shale,  gray   47  ..  141  3 

3.  Shale,  black,  with  layer  of  nodular  septaria 

boulders  of  limestone 3-6  . .  147  3 

(Horizon  of  Worthen's  No.  3  coal) 

2.  Shale  9-14  . .  161  3 

1.  Coal  (No.  2,  or  Avon)    2  6  163  9 

The  formation  in  the  Fulton  County  region,  especially  near  Cuba, 
is  broken  by  an  unconformity  between  No.  5  and  No.  6  coals,  whereby 
the  interval  between  the  two  coals  is  lessened  to  apparent  contact  in 
at  last  one  place,  with  various  distances  separating  the  coal  up  to  the 
usual  interval  of  about  65  feet  as  found  near  Canton.  This  varying 
interval  between  the  coals  was  apparently  not  noted  by  Worthen, 
so  that  No.  5  was  erroneously  called  No.  4  where  it  was  the  greater 
distance  below  No.  6,  and  No.  5  where  it  was  the  lesser. 

In  the  Peoria  County  region  the  Carbondale  section  apparently  be- 
gins with  the  No.  2  (Blue  Fly)  coal  bed  which  was  worked  at  Potts- 
town  and  Orchard.  This  coal  lies  190  to  200  feet  below  the  top  of 
the  formation  or  140  feet  below  No.  5  coal,  which  is  about  30  feet 
more  than  the  interval  in  the  Fulton  County  region.  In  both  Fulton 
and  Peoria  counties  No.  2  coal  is  covered  by  "soapstone"  followed  by 
black  shale  probably  containing  "niggerheads"  or  boulders  of  septaria 
limestone.  The  correlation  of  the  other  members  of  the  section  is 
impossible  with  the  data  at  hand.  As  in  the  Fulton  County  region, 
however,  the  lower  part  of  the  section  is  shale  and  the  upper  part 
up  to  the  underclay  of  No.  5  coal  is  largely  sandstone. 

The  succession  between  No.  5  and  No.  6  coals  in  the  Peoria  re- 
gion is  very  similar  to  that  in  the  Fulton  County  area.  The  uncon- 
formity mentioned  above  in   the  description  of  the  Fulton  County 
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section  is  present  in  the  Peoria  area  and  in  both  regions  the  material 
resting  upon  the  eroded  surface  is  sandstone  or  sandy  shale.  Udden 
states^  as  follows: 

"The  surface  separating  this  shale  from  the  overlying  sandstone  is  not 
always  a  straight  line  or  even  plane.  There  are  many  broad  low  combs  in 
the  lower  surface  of  the  sandstone  which  extend  down  into  the  shale.  On 
close  inspection  of  the  bared  bottom  of  overhanging  parts  of  the  sandstone, 
especially  in  places  where  it  has  a  coarse  texture,  these  combs  are  seen  to 
have  the  forms  of  molds  made  in  small  channels,  which  were  cut  by  rills 
into  the  mud  bottom  of  the  underlying  shale.  The  largest  of  these  chan- 
nels noted  on  the  old  mud  flats  is  3  feet  wide  and  about  9  inches  deep, 
evidently  a  cut  such  as  might  have  been  made  by  the  receding  tide.  To 
what  extent  the  differences  already  mentioned  in  the  thickness  of  the  shale 
may  be  due  to  more  extensive  erosion  at  this  level  it  is  not  possible  to  say, 
but  it  appears  probable  that  some  erosion  had  taken  place." 

In  the  Springfield  r.egion  the  average  thickness  of  the  Carbondale 
formation  is  about  243  feet,  or  about  50  feet  more  than  in  the  Peoria 
region.  No.  2  coal,  at  the  base,  is  commonly  in  two  beds,  each  ranging 
from  7  to  24  inches  in  thickness.  They  are  separated  by  a  few  feet 
of  dark  shale.  Above  the  coal  there  is  about  10  to  15  feet  of  shale  or 
shaly  sandstone,  upon  which  lies  25  to  35  feet  of  micaceous  and 
somewhat  argillaceous  sandstone  interbedded  with  layers  of  shale. 
From  the  top  of  the  sandstone  to  the  base  of  the  Springfield  (No.  5) 
coal  the  strata  consist  of  a  series  of  shale  beds  varying  in  color  from 
gray  to  blue  or  black.  At  some  places  they  appear  to  be  slightly 
sandy;  at  others  they  contain  thin  beds  of  coal.  In  the  Springfield 
boring  a  thin  coal  bed  was  encountered  56  feet  above  the  base  of  the 
formation  and  a  similar  coal  was  found  at  nearly  the  same  horizon 
in  a  drilling  near  Riverton.  About  30  feet  above  this  bed  another  thin 
coal  was  found  in  each  hole,  and  still  another  140  to  150  feet  above 
the  base  of  the  formation. 

The  interval  between  No.  5  and  No.  6  coals  is  much  the  same 
throughout  the  Springfield  region.  Above  the  No.  5  coal  is  commonly 
black  "slate,"  with  niggerheads  and  with  irregular  gray  markings 
resembling  fucoid  impressions  traversing  the  beds  and  appearing  on 
the  edges  of  the  blocks  as  light-gray  laminae  intercalated  between 
darker  material.  Locally  in  the  Springfield  region  a  layer  of  "clod" 
or  calcareous  shale  containing  much  pyrite  lies  between  the  coal  and 
the  black  shale.  In  Peoria  and  Fulton  counties  "clod"  is  found  lo- 
cally at  the  position  of  the  limestone  "cap  rock"  above  the  black 
slate.     Overlying  the   "cap   rock"   commonly   is  a   shale  of   varying 

lUdden,   J.   A.,   Geologry  and   mineral   resources   of   the   Peoria  quadrangle: 
U.  S.  Geological  Survey  Bull.  506,  p.  31,   1912. 
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thickness  overlain  in  turn  by  sandstone  which  latter  member  is  par- 
ticularly conspicuous  in  the  Peoria  region,  where  in  places  it  is  ex- 
posed to  a  thickness  of  55  to  60  feet.  Between  the  sandstone  and 
underlying  strata  is  probably  an  erosional  unconformity.  A  similar 
sandstone  lies  above  No.  5  coal  in  places  in  the  La  Salle  region,  and 
west  of  the  La  Salle  anticline  possibly  in  places  extends  below  the 
horizon  of  No.  5  within  about  100  feet  or  less  of  No.  2  coal.  In 
District  I  this  sandstone  has  been  designated  the  Vermilionville  sand- 
stone. In  District  IV  the  sandstone  changes  vertically  somewhat 
abruptly  into  shale  and  fire  clay,  the  latter  forming  the  imderclay  of 
No.  6  coal.  There  is  commonly  7  to  10  feet  of  this  shale  between  the 
coal  and  the  sandstone. 

The  thickness  of  the  Carbondale  formation  apparently  is  some- 
what more  in  Sangamon  County  than  it  is  to  either  the  east  or  the 
west.  Its  thickness  of  240  feet  near  Springfield  has  already  been 
compared  with  a  thickness  of  190  to  200  feet  at  Peoria.  In  Macon 
County  there  is  about  190  feet  of  Carbondale  sediments  present,  and 
at  Bloomington  between  132  and  possibly  175  feet.  No.  6  coal  is  ap- 
parently absent  over  much  of  McLean  County  so  that  the  exact  posi- 
tion of  the  top  of  the  Carbondale  is  undeterminable. 

No.  6  coal  is  not  widespread  in  this  district.  In  the  Springfield 
area  it  is  found  as  a  thin  coal  14  inches  or  less  in  thickness  and  at 
an  average  interval  of  50  feet  above  No.  5  coal.  The  coal  increases 
in  thickness  southward  rather  rapidly,  so  that  at  Auburn  and  Chatham 
it  is  5  to  8  feet  thick.  In  the  Peoria  and  Fulton  County  region,  also, 
it  is  4  to  6  feet  thick.  Very  locally  at  Springfield  the  coal  thickens 
to  5  or  6  feet  as  in  the  shaft  at  Mechanicsburg.  To  the  east  and 
north  the  coal  entirely  plays  out  so  that  the  exact  position  of  the  top 
of  the  Carbondale  formation  is  indeterminable  and  No.  7  coal  is  the 
next  bed  of  workable  thickness  above  No.  5  coal.  This  relationship 
persists  northward  over  much  if  not  all  of  District  I.  The  absence 
of  No.  6  coal  is  thought  to  be  due  to  an  interval  of  erosion  or  non- 
deposition  near  the  end  of  Carbondale  time.  The  gap  may  be  due  to  the 
same  causes  which  produced  the  erosion  unconformity  already  de- 
scribed between  No.  5  and  No.  6  coals  in  the  Fulton  and  Peoria  County 
region,  sandstone  deposition  continuing  for  longer  period  in  the  central 
portion  of  the  State  than  it  did  to  the  west.  This  seems  to  be  in 
harmony  with  movements  which  apparently  took  place  along  the 
La  Salle  anticline  at  about  the  end  of  the  Carbondale  period,  one 
effect  of  which  would  doubtless  have  been  to  make  the  adjacent  por- 
tion of  the  coal  basin  unfavorably  located  for  peat  deposition.  There 
is  considerable  State-wide  evidence  for  believing  that  an  emergence 
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of  the  sea  bottom  accompanied  by  erosion  took  place  near  the  end  of 
Carbondale  time,  but  the  exact  position  of  the  line  of  unconformity 
in  the  various  parts  of  the  State  varies  across  the  horizon  of  coal 
No.  6,  in  some  places  being  above  and  in  other  places  below  or  at 
the  horizon  of  the  coal.  In  southeastern  Illinois  and  western  Ken- 
tucky the  line  of  this  unconformity  is  thought  to  be  marked  by  the 
base  of  the  Anvil  Rock  sandstone,  which  lies  near  the  base  of  the 
McLeansboro  formation. 

MCLEANSBORO   FORMATION 
GENERAL   DESCRIPTION 

The  McLeansboro  formation  includes  all  of  the  "Coal  Measures" 
strata  above  No.  6  coal.  It  takes  its  name  from  McLeansboro,  Ham- 
ilton County,  Illinois,  where  borings  have  penetrated  it  to  a  depth  of 
one  thousand  feet.  It  underlies  the  entire  region  north  and  east 
of  the  line  of  outcrop  of  No.  6  coal,  and  in  most  of  the  district  is 
covered  by  a  variable  thickness  of  glacial  drift. 

The  formation  consists  of  shale  and  minor  amounts  of  sandstone, 
limestone,  and  coal.  Although  some  of  the  coals  above  No.  6  are 
persistent  in  distribution,  only  No.  7  coal  is  anywhere  sufficiently 
thick  in  this  area  to  be  of  commercial  value.  In  its  barrenness  of 
productive  coals  and  in  general  age,  the  McLeansboro  is  similar  to 
the  Conemaugh  formation  of  Pennsylvania. 

DISTINCTIVE    STRATA 

The  well  differentiated  distinctive  strata  of  the  McLeansboro 
formation  in  this  region  as  a  whole  may  be  enumerated  as  follows 
(Fig.  4)  : 

6.     Crows  Mill  limestone;  about  275  feet  above  No.  6  coal. 
5.     No.  8  coal,  with  limestone  above  and  greenish-g^ay  shale  below; 
about  150  feet  above  No.  6  coal. 

4.  Lonsdale  or  Rock  Creek  limestone;  about  75  feet  above  No.  6  coal 

and  30  to  40  feet  above  No.  7  coal. 

3.  No.  7  coal;  averages  about  50  feet  above  No.  6  coal. 

2.  Variegated  shale  between  cap  rock  of  No.  6  coal  and  No.  7. 

1.  A  hard  limestone  cap  rock  overlying  or  a  few  feet  above  No.  6  coal. 

In  the  Peoria  region  the  following  units  may  be  observed  (Fig.  4)  : 

5.  Lonsdale  limestone;  about  15  feet  thick,  30  to  40  feet  above  No.  7 

coal. 

4.  No.  7  coal;  about  18  inches  thick,  20  to  50  feet  above  No.  6  coal. 

3.  Variegated  shale  8  feet  and  less  in  thickness;  18  to  40  feet  above 

No.  6  coal. 

2.  Sandstone;  10  to  25  feet  thick,  8  to  17  feet  above  No.  6  coal. 
1.    Limestone;  about  5  feet  thick,  2  to  4  feet  above  No.  6  coal. 
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In  Macon  County  a  section  similar  to  that  noted  in  District  VIP 
to  the  south  is  recorded  at  Blue  Mound,  including  the  following  dis- 
tinctive horizons  (Fig.  4)  : 

6.  Shoal  Creek  limestone;  about  100  feet  above  the  Carlinville  lime- 

stone, and  300  feet  above  No.  6  coal. 

5.  Carlinville  limestone;  about  230  feet  above  No.  6  coal. 

4.  No.  8  coal;  150  to  180  feet  above  No.  6  coal. 

3.  Variegated  shale;  about  60  feet  above  No.  6  coal. 

2.  No.  7  coal. 

1.  Cap  rock  of  No.  6  coal. 

The  section  in  the  northern  part  of  this  district  seems  to  be  much 
like  the  section  in  District  I  where  the  following  distinctive  horizons 
may  be  recognized  (Fig.  4)  : 

7.  Variegated  shales;  about  250  feet  above  No.  7  coal. 

6.  Coal;  about  232  feet  above  No.  7  coal. 

5.  Limestone,  La  Salle;  about  180  feet  above  No.  7  coal. 

4.  Limestone,  Spring  Valley;  about  150  feet  above  No.  7  coal. 

3.  No.  8  coal;  about  140  feet  above  No.  7  coal. 

2.  Lonsdale  limestone;  about  75  feet  above  No.  7  coal. 

1.  No.  7  coal,  of  commercial  thickness;  possibly  about  50  feet  above 
the  base  of  the  McLeansboro  formation,  No.  6  coal  not  being 
present. 

The  identification  of  the  various  strata  of  the  McLeansboro  for- 
mation as  well  as  those  of  the  earlier  formations  is  accomplished 
by  comparison  of  sections  in  adjacent  drill  holes  and  by  a  few  ex- 
posures in  the  upper  part  of  the  section  in  the  central  part  of  the  dis- 
trict. Similarity  of  interval  between  successive  distinctive  strata  in 
various  places  is  practically  the  only  criterion  of  identification,  as  fossil 
studies  have  not  as  yet  yielded  index  fossils  for  the  various  positions 
in  "Coal  Measures,"  as  they  may  do  if  collections  were  systematically 
made  and  studied. 

Identifications  of  strata  on  the  basis  of  lithologic  similarity  and 
similarity  in  stratigraphic  interval  have  been  rather  satisfactory  in  the 
southern  part  of  the  State  where  drilling  is  closely  spaced,  and  the 
various  formations  are  widespread  at  characteristic  intervals.  Com- 
parison of  sections  in  various  parts  of  northern  Illinois  seems  to  in- 
dicate that  the  same  method  is  applicable  here  likewise,  but  in  all  parts 
of  the  coal  basin  there  is  need  for  paleontologic  verification  of  such 
identifications  by  the  aid  of  fossil  collections. 

Because  of  the  irregularity  in  the  distribution  of  drilling,  and 
geologic  and  other  exploratory  work,  and  because  of  the  consequent 
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lack  of  knowledge  of  conditions  in  Menard,  Logan,  and  DeWitt  coun- 
ties, the  southern  part  of  the  district,  comprising  Sangamon  and  Macon 
counties,  is  isolated  from  the  northern  and  western  part  of  the  district 
including  Schuyler,  Fulton,  Peoria,  Tazewell,  McLean,  Woodford,  and 
Livingston  counties  and  the  area  included  in  District  L  The  section 
for  Peoria  and  Fulton  counties  continues  northward  and  in  Marshall 
County  merges  into  the  section  which  is  characteristic  of  District  I  as 
displayed  in  the  La  Salle  region  west  of  the  La  Salle  anticline.  At 
Sparland,  No.  6  coal  pinches  out  and  is  not  present  northward.  No.  7 
coal  persists  from  the  Peoria  region  into  the  La  Salle  region  becoming 
thicker  in  that  direction,  and  the  Lonsdale  limestone  can  be  traced  al- 
most continuously  from  one  district  to  the  other.  At  Toluca,  No.  6 
coal  is  absent,  but  a  limestone,  possibly  the  cap  rock  of  No.  6,  below 
which  is  a  black  "slate,"  has  been  encountered  in  one  drill  hole,  in- 
dicating a  transition  from  the  conditions  in  one  area  to  those  in  the 
other.  The  following  record  of  a  drilling  at  Toluca  illustrates  the  re- 
lationships. 

Record  of  boring  vear  Toluca,  in  the  S.  W.  V^  N.  E.  V4:  sec.  5,  T.  29 

N,,  R.  1  E, 


Description  of  Strata 


Soil,  black 

Clay,  brown 

Clay,  gray 

Sand  clay,  brown 

Sand  (water) 

Clay,  gray  and  red 

Limestone 

Soapstone,  light  red 

"Soapstone,"  pinL. 

Limestone 

Silt,  black 

Soapstone,  light  gray.... 

"Soapstone,"  red 

Limestone , 

"Soapstone,"  gray 

Limestone 

"Soapstone,"  dark... 

"Soapstone,"  gray 

Clay,  red.- 

Limestone 

Clay,  red 

"Soapstone,"  red 


Thickness 


Ft. 
1 
5 
6 
5 
8 

43 
3 

20 
8 
3 
3 
8 
4 
7 
5 
2 
3 
2 

11 
7 
1 
4 


In. 


6 
6 


Depth 


Ft. 

1 

6 

12 

17 

25 

68 

71 

91 

99 

102 

105 

113 

117 

124 

130 

132 

135 

137 

148 

155 

156 

160 


In. 
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Record  of  boring  near  Toluca — -Concluded 


Description  of  Strata 


tt 


tt 


It 


It 


tt 


Clay,  red 

"Soapstone,"  gray. 

Clay,  red — 

"Soapstone,"  gray 

Slate,"  black 

Soapstone,"  gray. 

Limestone 

Clay,  red... , 

"Soapstone,"  dark... 

Limestone 

"Soapstone,"  gray. 

Sandstone 

"Soapstone,"  gray. 

"Soapstone,"  sandy 

Soapstone,"  gray 

Slate,"  black. 

Soapstone,"  gray 

Coal  ("1st  vein"  or  No.  7) 

Fire  clay 

"Soapstone,"  gray. 

Limestone 

"Slate,"  black 

"Soapstone,"  gray. 

"Slate,"  black 

Coal  ("2d  vein"  or  No.  5). 

Fire  clay 

"Soapstone,"  gray. 

Fire  clay 

"Soapstone" 

Sand  shale. ... 

Sand  shale 

"Soapstone,"  sandy 

"Soapstone,"  gray. 

Coal  ("3d  vein"  or  No.  2) 

Fire  clay 


Thickness 


Ft. 
7 
3 
2 

11 
2 
1 

13 
9 
8 
5 

14 

14 

14 
9 
7 
3 
6 
4 
8 

16 
1 
4 
S 

14 
2 
7 

17 
4 

IS 

10 
9 

90 
S 
2 
3 


tn. 


3 
9 
6 
6 


6 
6 


Depth 


Fl 

167 

170 

172 

183 

185 

186 

199 

208 

216 

221 

235 

249 

263 

272 

279 

282 

288 

292 

301 

317 

319 

323 

328 

342 

344 

349 

366 

370 

385 

395 

404 

494 

499 

501 

505 


tn. 


3 
6 


The  succession  of  the  Longwall  District,  which  as  has  been  stated, 
can  be  traced  into  the  Peoria  area  along  the  Illinois  valley,  persists 
southward  in  the  eastern  part  of  District  IV  along  the  line  of  the 
Illinois  Central  Railroad  at  least  at  far  as  Bloomington.  Accordingly, 
as  in  the  Longwall  District,  the  coals  in  the  northern  part  of  District  IV 
are  commonly  known  as  ''first,"  "second,"  and  "third  vein"  coals,  and. 
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as  in  the  La  Salle  region,  the  "first  vein"  is  No.  7  of  the  Illinois  sec- 
tion, the  "second  vein,"  No.  5,  and  the  "third  vein"  is  No.  2.  No.  6 
coal,  as  has  been  stated,  is  absent  in  this  part  of  the  State. 

Between  Bloomington  and  the  south  boundary  of  the  district,  the 
section  changes  with  the  thinning  of  No.  7  coal,  and  with  the  intercala- 
tion of  No.  6  coal  and  its  cap-rock  limestone  between  coals  No.  7  and 
No.  5.  The  stages  of  this  transition  have  not  been  determined,  as  the 
details  of  the  section  between  Bloomington  and  Decatur  are  not  well 
known,  very  little  drilling  having  been  done  in  that  part  of  the  dis- 
trict. Not  improbably  it  is  very  similar  to  the  change  that  takes  place 
in  the  section  along  the  Illinois  valley  between  Pleoria  and  the  Longwall 
District. 

In  the  following  paragraphs  each  of  the  distinctive  strata  of  Dis- 
trict IV  in  the  McLeansboro  formation  as  previously  listed,  will  be  de- 
scribed in  some  detail. 

1.  Limestone  above  No.  6  coal. — No.  6  coal  is  of  workable  thick- 
ness in  this  district  only  in  Fulton,  Schuyler,  and  Peoria  counties.  In 
most  of  the  area  it  is  absent.  Where  this  coal  is  present  it  has  a  per- 
sistent limestone  cap  rock  which  possibly  has  a  wider  distribution  than 
the  coal  itself.  In  the  Peoria  region  this  cap  rock  ranges  in  thickness 
from  3  inches  to  4  feet  and  averages  a  little  more  than  2  feet.  In 
places  it  is  absent  from  the  section.  A  similar  limestone  is  reported 
over  the  No.  6  coal  in  Springfield  region.  A  black  shale  commonly 
separates  the  coal  from  the  limestone  in  all  regions,  but  in  places  in  the 
Peoria  region  this  shale  and  even  the  limestone  and  some  of  the  coal 
is  replaced  by  a  variable  sandy  deposit  known  among  the  miners  as 
"white  top."  In  the  northern  part  of  the  State  a  similar  material  is 
found  associated  with  No.  5  coal,  particularly  at  La  Salle  and  Cherry. 

2.  Variegated  shale  below  No,  7  coal. — Savage  reports  a  per- 
sistent bed  of  variegated  calcareous  shale,  red,  blue,  greenish,  choco- 
late-colored, and  mottled,  occupying  part  of  the  section  between  the 
cap  rock  of  No.  6  coal  and  No.  7  coal  in  the  Springfield  region.  Red- 
dish shales  at  about  the  same  horizon  have  been  noted  by  Savage  in  the 
Canton  r^on  and  by  Udden  in  the  Peoria  region.  It  is  noteworthy 
that  similar  variegated  shales  are  remarkably  persistent  in  District  IV 
at  a  higher  horizon,  namely,  about  50  feet  above  No.  6  coal  and  as  a 
rule  a  short  distance  above  rather  than  below  the  horizon  of  No.  7  coal. 
Reddish  shales  do  not  occur  in  the  northern  part  of  the  district  or  in 
District  I  nearer  than  about  40  feet  above  No.  7  coal,  but  above  that 
level  are  rather  common. 

3.  No.  7  coal. — No.  7  coal  is  one  of  the  three  persistent  coal  beds 
of  this  district.    It  is  thin  to  the  south  and  southwest,  averaging  only 
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2^  inches  in  thickness  in  the  Springfield  quadrangle/  and  in  pWes 
represented  only  by  a  thin  bed  of  black  shale.  In  the  Peona  quadrangle 
it  averages  1  foot  5  inches  in  thickness,  and  Savage  reports  an  average 
thickness  of  12  to  18  inches  in  the  Avon  and  Canton  quadrangles. 
North  from  Bloomington  and  Chillicothe  the  coal  becomes  of  work- 
able thickness,  and  it  has  been  mined  at  various  places  in  the  northern 
part  of  the  State,  most  notably  at  Streator.  This  coal  will  be  described 
in  greater  detail  on  later  pages. 

4.  Lonsdale  limestone, — The  Lonsdale  limestone  is  one  of  the 
widely  distributed  limestones  in  the  "Coal  Measures"  of  northern  Illi- 
nois. It  has  not  been  identified  south  of  Sangamon  County,  but  it  oc- 
cupies a  stratigraphic  position  similar  to  that  of  certain  limestones 
found  in  Randolph  and  Perry  counties  a  short  distance  above  the  coal 
identified  as  No.  7.  The  limestone  has  been  traced  from  Fulton  County 
northward  to  Bureau  County,  is  probably  represented  by  one  of  the 
several  limestones  in  the  upper  part  of  the  Pennsylvanian  system  in  the 
La  Salle  region,  and  has  been  tentatively  correlated  with  the  limestone 
outcrop  along  Vermilion  River  between  Streator  and  Pontiac.  It  is 
believed  to  be  the  same  as  the  Rock  Creek  limestone  of  the  Springfield 
region.^ 

This  limestone  was  first  described  by  Worthen*  from  the  old  Lons- 
dale quarries  in  the  Peoria  region.  Udden*  describes  it  as  consisting 
of  a  lower  5  feet  of  firmly  cemented,  largely  organic  limestone  in  beds 
varying  in  thickness  from  6  inches  to  18  inches,  and  in  character 
from  typical  crinoidal  limestone  to  calcareous  mud-lump  breccia;  and 
an  upper  bed  15  feet  thick  of  slightly  argillaceous  more  flaggy  rock,  in 
which  concretionary  structures  can  nearly  always  be  detected. 

In  the  Peoria  region  this  limestone  lies  40  to  50  feet  above  No.  7 
coal ;  in  the  Canton  region  about  60  feet  above  the  coal ;  in  the  Spring- 
field region  (supposing  it  to  be  the  same  as  the  Rock  Creek  limestone), 
about  45  feet ;  in  the  Streator  region  about  70  feet ;  and  at  Bloomington 
possibly  about  70  feet.  The  Lonsdale  limestone  has  not  been  definitely 
identified  in  the  southeast  part  of  the  district  nor  generally  in  the 
southern  part  of  the  State. 

5.  No.  8  coal. — No.  8  coal,  although  too  thin  to  be  of  commercial 
importance,  has  a  persistence  comparable  to  that  of  any  coal  beds  of  tht 
State.  It  can  be  traced  throughout  Districts  VII,  VI,  and  probably  V, 
practically  to  Ohio  River.  It  is  commonly  between  12  to  18  inches 
thick,  but  locally  increases  to  30  inches.    Locally  it  is  absent.    It  is  gen- 


lU.  S.  Geological  Survey  Folio  188,  p.  5. 
2V.  S.  Geolog-ical   Survey  Folio  ISS,   d.   P. 

aWorthen.  A.  H..  Geological  Survey  of  Illinois  Vol.   5,  p.  238,   1873. 
4Uclden,   .T.   A.,  Geologry   atiri   mineral    resources   of   the   Peoria   quadrangle: 
U.  S.  Geological   Survey  Bull.   506,   pp.   39-40.   191^ 
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erally  overlain  by  black  shale.  This  thin  coal  lies  approximately  half- 
way between  No.  6  coal  and  the  Carlinville  limestone*  The  various  in- 
tervals between  this  coal  and  No.  7  in  District  IV  may  be  observed  by 
inspection  of  the  following  table: 

Table  1. — Interval  between  No  8  and  No.  7  coala  in  District  IV  compared 

with  the  range  of  interval  in  District  VII  ,  ^        , 

Locality  Interval 

Feet 

Springfield    77 

Niantic    100 

Blue  Mound  140 

Decatur   130+ 

Lovington   150 

Assumption    130 

Divernon    120 

La  Salle   147? 

Saybrook 169 

District  VII .150-180 

6.  Carlinville  limestone, — The  Carlinville  limestone  is  one  of  the 
most  widely  distributed  beds  in  the  "Coal  Measures"  of  Illinois.  It 
has  been  traced  from  the  Indiana  State  line  in  Gallatin  County  north- 
east to  Carlinville,  Macoupin  County,  and  is  probably  the  same  as  the 
Crows  Mill  limestone  of  the  Springfield  region  and  the  La  Salle  lime- 
stone of  the  La  Salle  region. 

In  the  type  localities  this  limestone  is,  according  to  Udden^,  ''gen- 
erally bluish  gray,  compact,  close-textured,  and  very  hard,  breaking 
into  irregular,  splintery  pieces.  On  weathering  it  assumes  a  rusty 
color.  It  averages  about  7  feet  in  thickness.  There  are  two  features 
that  are  characteristic  of  this  limestone,  one  a  blotchy  appearance  and 
the  other  its  tendency  to  weather  into  seams  two  and  one-half  or  three 
inches  in  thickness." 

The  various  intervals  between  this  limestone  and  No.  6  and  No.  7 

coal,  so  far  as  either  or  both  are  present,  is  shown  in  the  accompanying 

table 

Table  2. — Intervals  between  the  Carlinville  limestone  and 

No.  6  and  No,  7  coals  Interval 

Locality  To  No.  6  coal      To  No.  7  coal 

Feet  .Feet 

Macoupin   County 200-220  200± 

Springfield  (Crows  Mill  limestone) 210-215  160 

Divernon    215±  160 

Niantic    190  175 

Blue  Mound    225  190 

Maroa 225  200 

Decatur    190  180 

lUdden,    J.    A.,   Shoal    Creek    Umestone;    Illinois    State   Oeologrical    Survey 
BuH.   8.   p.    119,    1908. 
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Interval 
Locality  To  No.  6  coal      To  No.  7  coal 

Feet  Feet 

Lovington   (Shoal  Creek  limestone?) 300  270 

Assumption   220 

Toliica     190±  170 

Saybrook 290?  180 

District  VII 

(Central  and  southern  parts)   275-325 

(Northern  part)    200-275 

As  in  the  case  of  the  interval  between  the  No.  7  coal  and  the  Lons- 
dale limestone  and  No.  8  coal,  there  is  a  general  decrease  in  interval 
in  the  Sangamon  County  region  in  passing  from  adjacent  regions  to  the 
east  and  southeast,  and  possibly  to  the  northwest. 

The  equivalency  of  the  Carlinville  and  La  Salle  limestones  was 
postulated  as  probable  by  Worthen,^  who  says : 

''I  have  been  inclined  to  regard  this  limestone  as  the  equivalent  of  that 
at  Carlinville,  which  it  resembles,  both  in  its  lithologic  character  and  in 
the  specific  character  of  its  embedded  fossils.  *  *  *  It  is  rather  more 
argillaceous  here  than  in  Macoupin  County,  but  othei*wise  it  bears  a  close 
resemblance  to  that  rock,  and  its  position  is  about  where  that  limestone, 
if  present  here,  should  be  found.'' 

While  investigations  by  the  present  Survey  have  yielded  no  definite 
evidence  from  fossil  collections  of  the  correlation  of  the  two  lime- 
stones, they  indicate  the  probable  correctness  of  Worthen's  determina- 
tion; at  least,  they  do  not  throw  any  doubt  upon  it. 

7.  Higher  distinctive  horizons. — Erosion  has  cut  off  the  Penn- 
sylvanian  strata  in  the  district  shortly  above  the  horizon  of  the  Carlin- 
ville limestone.  Possibly  in  Macon,  Dewitt,  and  southeastern  McLean 
counties,  strata  as  high  as  No.  9  coal  and  the  Shoal  Creek  limestone 
are  preserved  where  the  rock  surface  is  highest.  Such  is  not  known  to 
be  the  case,  however.  Both  of  these  members  are  possibly  present 
very  locally  in  the  La  Salle  region. 

The  New  Haven  limestone,  which  is  fairly  widespread  in  southern 
Illinois  within  the  area  surrounded  by  its  outcrop,  lies  about  200  to 
250  feet  above  the  Carlinville  limestone,  and  apparently  outcrops  near 
the  north  boundary  of  District  VII  between  Assumption  and  Loving- 
ton  on  the  south  and  southeast,  and  Decatur  on  the  north. 

According  to  the  old  classification  of  Worthen  whereby  the  Penn- 
sylvanian  strata  in  Illinois  were  separated  into  lower  and  upper  "Coal 
Measures"  at  the  horizon  of  No.  9  coal,  the  upper  measures  are  lack- 
ing in  this  district  except  possibly  for  a  narrow  belt  extending  north- 
ward along  the  east  boundary 

lOeological  Survey  of  IHinols,  Vol.  7,  p.  48. 
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A  detailed  report  on  the  chemical  character  of  Illinois  coals  has 
been  published  as  Bulletin  3^  of  this  series,  so  that  a  discussion  of  the 
quality  of  the  coals  in  this  district  is  not  necessary.  However,  for  con- 
venience, tables  3,  4  and  5  arc  here  given.  Tables  3  and  4  relate  only 
to  the  coals  in  the  counties  treated  in  this  report.  Table  5,  which  shows 
the  average  district  analyses  of  coals,  is  presented  for  ease  of  general 
comparison  of  the  District  IV  coals  with  those  of  the  other  districts. 
In  Plate  IV  the  same  material  as  is  given  in  table  5  is  presented  in 
graphic  form. 

A  very  brief  statement  of  the  meaning  of  each  of  the  several  col- 
umns, which  give  the  results  of  analyses  in  tables  3,  4  and  5,  will  doubt- 
less be  of  service  in  rendering  these  results  more  intelligible,  and 
therefore  of  greater  usefulness  to  the  average  reader  unfamiliar  with 
the  technology  of  coal. 

The  'Troximate  analysis''  columns  group  the  compounds  which  either 
make  up  the  coal  or  are  derived  from  it,  into  water,  ash,  volatile  matter, 
and  fixed  carbon,  the  last  two  comprising  the  combustible  matter.  A  recal- 
culation of  the  resul'^s  of  each  analysis  is  given  on  the  second  line  in  most 
cases,  showing  percentage  of  the  various  consti'uents  on  the  hypothetical 
basis  of  no  moisture  in  the  coal. 

The  moisture  content  of  coal  though  unavoidable  is  detrimental.  Not 
only  does  the  water  displace  its  own  weight  of  combustible  matter,  but  in 
addition  it  absorbs  heat  during  burning,  100  B.t.u's  per  pound  being  a  com- 
mon figure  for  ordinary  bituminous  coal  of  average  moisture  content.  Ob- 
viously, other  factors  being  equal,  a  coal  of  the  lowest  possible  moisture  con- 
tent should  be  purchased. 

The  ash  in  coal  (chiefly  compounds  of  silica,  alumina,  lime,  and  iron, 
together  with  smaller  quantities  of  magnesia,  titanium,  and  alkali  com- 
pounds) is  another  harmful  constituent.  Not  only  does  it  displace  its  own 
weight  of  heat-forming  conipounds,  and  decrease  the  efficiency  of  com- 
bustion just  as  does  the  moisture  content,  but  in  addition  any  increase  in 
ash  percentage  means  a  corresponding  increase  in  the  cost  of  handling  the 
coal)  by  making  bo'h  freight  costs  and  costs  of  disposition  of  the  refuse 
greater.  Furthermore,  certain  types  of  ash  contain  such  high  percentages 
of  iron  and  alumina  that  they  fuse  easily  and  cause  clinkering  trouble 
in  furnaces. 

The  "volatile  matter"  and  "fixed  carbon"  columns  give  the  relative 
amounts  of  gaseous  and  solid  combustible  mat'er.  They  are,  of  course, 
the  heat-producing  constituents.  For  domestic  use  a  low-volatile  coal  is  to 
be  preferred  because  the  ordinary  domestic  stoves  and  furnaces  are  capable 
of  utilizing  only  a  small  proportion  of  the  volatile  matter.  However;  mod- 
em steam-generating  appliances  such  as  are  used  industrially  are  so  con- 
structed as  to  take  care  of  the  gases  satisfactorily  and  either  low-  or  high- 
volatile  coal  can  be  used  with  equal  efficiency. 


iParr,  S.  W..  a  chemical  study  of  Illinois  coals:  111.  Coal  Mining  Investigations 
BuIL  3,  1916.  This  bulletin  is  out  of  print,  but  the  analyses  it  contains  have  been 
reprinted  in  State  Geological  Survey  Bulletin  29,  in  a  paper  by  S.  W.  Parr  on  '*The 
Parchase  and  Sale  of  IlUnoia  Coal  under  Speclflcatlons." 
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Sulphur  is  present  generally  in  Ihe  form  of  pyrite  (iron  sulphide.) 
It  is  especially  deleterious  in  the  manufacture  of  coke  and  gas,  and  if  asso- 
ciated with  an  ash  of  high  lime  and  iron  content  it  may  help  to  cause 
clinkering.  Otherwise  it  is  not  particularly  harmful,  for  as  a  rule  it  dis- 
places a  negligible  amount  of  combustible  material,  and  has  some  virtue 
in  that  it  does  not  absorb  heat  as  do  water  and  ash,  but  will  even  pro- 
duce about  a  third  as  much  heat  as  does  carbon. 

The  "B.tu."  column  gives  the  calorific  (heat)  values  of  the  coals  in 
British  thermal  uni's  per  pound  of  coal.  These  values  indicate  the  propor- 
tional heating  power  of  the  coals  and  are  therefore  extremely  important 
as  a  means  of  comparison.  In  their  calcula'^ion,  account  is  taken  of  the  ash 
and  moisture  present,  as  well  as  the  combustible  matter. 

"Unit  coal,"  on  the  contrary,  takes  account  only  of  the  pure  coal  sub- 
stance, free  from  ash,  moisture,  sulphur,  or  other  impurities.  Since  the 
"pure  coal"  is  essentially  the  same  for  any  single  mine  from  year  to  year, 
the  "unit-coal"  figure  will  remain  practically  unchanged;  the  "B.t.u."  figure, 
however,  will  vary  in  proportion  to  the  variations  from  place  to  place  in 
the  mine  in  the  amount  of  ash,  sulphur,  and  moisture  present,  and  therefore 
for  the  average  practical  user,  up-to-date  B.t.u.  values  will  afford  a  more 
satisfactory  means  of  comparison  of  the  coals  than  will  the  "unit-coal" 
values,  useful  though  they  may  be  for  certain  purposes. 


Table  3 — Analyses  of  mine  samples  from  Disiricl  IV 

Not  exactly  indicative  of  cominercial  output 


o 

A 


u 

wa 

S 

^..^ 

>* 

0 

a 

Z 

a 

« 

«M 

a 

0 

fa 

5 

CO 

Q 

Coanty 


Proximate  analysb  of  coal 

l8t:  "As  recd,"  with  total 

mobture. 

1 

2ad:  "Dry"  or  moisture  free 

u 

i 

M 

mm 

9 

V   t^ 

a. 

o 

• 

a 

•1 

^ 

1| 

■S 

1 

u 

n 

11 

•S  u 

< 

e 


5229 

1602 
C21 

7/12 

5230 

1602 
C21 

7/12 

5231 

1602 
C21 

7/12 

5205 

1602 
C21 

7/12 

5206 

1602 
C21 

7/12 

5207 

1602 
C21 

7/12 

1869 

1602 

10/08 

12469 

0328 

4/21 

12470 

• 

0328 

4/21 

12471 

0328 

4/21 

Christian. 


Christian. 


Christian. 


Christian. 


Christian. 


Christian. 


Christian. 


Fulton. 


Fulton. 


Fulton. 


1 

11.27 
Dry 

38.68 
43.59 

40.55 
45.70 

9.50 
10.71 

2.07 
2.33 

.33 

.37 

11445 
12898 

1 

11.52 
Dry 

38.78 
43.83 

41.01 
46.35 

8.69 
9.82 

2.42 
2.73 

.97 
1.10 

11648 
13163 

1 

11.13 
Dry 

39.21 
44.12 

41.26 
46.43 

8.40 
9.45 

2.56 
2.88 

.61 
.69 

11715 
13183 

2 

12.07 
Dry 

39.36 
44.77 

41 .91 
47.66 

6.66 
7.57 

3.74 
4.26 

.07 
.09 

11776 
13393 

2 

12.53 
Dry 

38.00 
44.12 

40.62 
46.44 

8.25 
9.44 

3.67 
4.22 

.31 
.35 

11389 
13020 

2 

14.30 
Dry 

39.54 
46.14 

40.30 
47.02 

5.86 
6.84 

2.00 
2.33 

.24 
.28 

11609 
13544 

2 

11.54 
Dry 

36.65 
41.42 

42.89 
48.50 

8.92 
10.08 

3.87 
4.38 



11631 
13148 

1 

11.38 
Dry 

38.66 
43.62 

39.51 
44.58 

10.45 
11.80 

4.52 
5.10 

.87 
.98 

11436 
12905 

1 

11.42 
Dry 

38.17 
43.09 

40.07 
45.24 

10.34 
11.67 

4.76 
5.37 

.45 
.51 

11409 
12880 

1 

10.84 
Dry 

38.42 
43.09 

40.91 
45.88 

9.83 
11.03 

5.61 
6.29 

.54 

.61 

11554 
12959 

14666 
14707 
14779 


14730 

14641 

14702 
14912 

14979 
U934 
l"4939 
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Tabu:  3 — Analyses  of  mine  samples  from  District  IV — Continued 
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o 

y^ 

9) 

A 

•a 

w^ 

>» 

• 

o 

1 

2 

c 

C9 

e 

«S 

7S 

0 

Cm 

S 

a 

Q 

1858 

2753 

12442 
12443 
12444 
12445 
12446 
12447 
12448 
12472 
12473 
12474 
12475 
12476 
12477 
12439 
12440 
J2441 


County 


I 

1 


Proximate  analysis  of  coal 
Ist:  "As  reed,"  with  total 

moisture. 
2nd:  "Dry"  or  moisture  free. 


.9 

o 

s 


0328 

9/08 

1422 

0102 

4/21 

0103 

4/2  ic 

0103 

4/21 

0103 

4/21 

0103 

4/21 

0103 

4/21 

0103 

4/21 

0104 

4/21 

0104 

4/21 

0104 

4/21 

0104 

4/21 

0104 

4/21 

0104 

4/21 

0111 

4/21 

0111 

4/21 

0111 

4/21 

Fulton 


^      Fulton. 


Fulton.—. 


Fulton 


Fulton. 


Fulton. 


Fulton. 


Fulton.. 


Fulton. 


Fulton. 


Fulton. 


Fulton. 


Fulton. 


Fulton 


Fulton 


Fulton. 


Fulton.. 


Fulton 


17.21 
Dry 


14.87 
Dry 

15.43 
Dry 

14.43 
Dry 

15.00 
Dry 

14.69 
Dry 

14.52 
Dry 

14.75 
Dry 

14.28 
Dry 

15.32 
Dry 

15.09 
Dry 

15.56 
Dry 

14.56 
Dry 

15.39 
Dry 

15.66 
Dry 

13.37 
Dry 

14.44 
Dry 

14.96 
Dry 


37.49 
45.28 


35.80 
42.06 


33.62 
39.76 

34.60 
40.43 

33.10 
38.94 

34.07 
39.94 

34.46 
40.31 

33.18 
38.92 

34.93 
40.75 

35.12 
41.48 

13.37 
41.66 

35.68 
42.26 

35.37 
41.40 

33.82 
39.97 

34.65 
41.08 

36.03 
41.59 

34.71 
40.57 

33.65 
39.57 


38.69 
46.73 


43.88 
51.54 


39.47 
46.67 

39.09 
45.69 

37.31 
43.89 

40.18 
47.09 

37.64 
44.04 

38.89 
45.62 

38.76 
45.22 

38.05 
44.93 

39.41 
46.41 

38.92 
46.09 

38.98 
45.62 

38.77 
45.82 

37.56 
44.54 

39.03 
45.06 

38.58 
45.09 

39.96 
46.99 


•« 

-< 


6.61 
7.99 


5.45 
6.40 


11.48 
13.57 

11.88 
13.88 

14.59 
17.17 

11.06 
12.97 

13.38 
15.65 

13.18 
15.46 

12.03 
14.03 

11.51 
13.59 

10.13 
11.93 

9.84 
11.65 

11.09 
12.98 

12.02 
14.21 

12.13 
14.38 

11.57 
13.35 

12.27 
14.34 

11.43 
13.44 


3 

t 


o 


3.90 
4.71 


3.69 


2.50 
2.66 

2.82 
3.29 

3.38 
3.98 

2.83 
3.32 

2.91 
3.40 

3.70 
4.34 

2.56 
2.99 

2.59 
3.06 

2.68 
3.16 

2.43 
2.88 

2.72 
3.19 

3.40 
4.02 

2.93 
3.47 

3.06 
3.52 

2.17 
2.54 

4.32 
5.08 


1.41 
1.67 

2.45 
2.86 

2.86 
3.36 

1.75 
2.05 

2.74 
3.21 

1.54 
1.81 

1.98 
2.31 

1.41 
1.66 

1.79 
1.66 

1.33 
1.58 

1.38 
1.62 

1.67 
1.97 

1.88 
2.23 

1.46 
1.69 

1.80 
2.10 

1.11 
1.30 


9 


11147 
13464 


11641 
13674 


10389 
12285 

10320 
12061 

9834 
11569 

10383 
12172 

10045 
11752 

9669 
11577 

10329 
12061 

10482 
12379 

10741 
12650 

10753 
12735 

10581 
12384 

10338 
12219 

10242 
12144 

10787 
12452 

10578 
12364 

10502 
12352 


-a 

8 

*» 

•■a 

a 

^3 


14904 

14083 

i44'73 
14297 
14360 
14266 
i426] 
14298 
14316 
r46*i'7 
14631 
14668 
14512 
14565 
14583 
i"467b 
14683 
14616 


•)  The  analyses  that  have  "US"  laboratory  numbers  were  made  by  either  the  U.  S.  Bureau 
of  Mines  or  the  U.  S.  Geological  Survey,  as  bidicated  in  later  footnotes  which  make  reference 
to  their  place  of  publication. 

h  Analyses  having  the  same  file  number  are  for  a  single  mine.  It  should  be  remembered 
that  as  much  dependence  can  not  be  placed  on  a  single  analysis  from  a  given  mine  as  may  be 
placed  on  a  group  from  one  mine.  ^     ,  _.     ,  «  ,>  «  *i 

Analyses  having  "C"  file  numbers  are  republished  from  State  Geological  Survey  Bulletin 
29.  and  Illinois  Mining  Investigations  Bulletin  3,  and  b*»long  to  a  series  made  by  J.  M.  Lindgren 
under  the  general  supervision  of  Professor  S.  W.  Parr  of  the  University  of  Illinois,  for  those 
bulletins. 

•)  The  Fulton  County  analyses  that  have  April,  1921,  as  the  date  of  analysis,  were  made 
on  samples  recently  collected  by  or  imder  the  supervision  of  H.  E.  Culver  of  the  Survey  staff. 
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Table  3 — AncUyses  of  mine  samiples  from  District  IV — Continued 
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Z. 
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a 
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0 

County 

1 

Proximate  analysis  of  coal 
iBt:  **As  reed."  with  total 

moisture. 
2nd :  ''Dry"  or  moisture  free. 

1 

O 

• 
• 

n 

Unit  ooal 

1 

s 

t 

5345 

0115 
C30 

8/12 

Fulton.- 

5 

16.36 
Dry 

33.91 
40.54 

38.19 
45.66 

11.54 
13.80 

2.93 
3.50 

1.27 
1.51 

10186 
12179 

r443i 

5346 

0115 
C30 

8/12 

Fulton. 

5 

16.33 
Dry 

35.50 
42.42 

37.01 
44.23 

11.16 
13.35 

2.89 
3.45 

1.84 
2.20 

10220 
12213 

14389 

5347 

0115 
C30 

8/12 

Fulton. 

5 

15.85 
Dry 

36.12 
42.92 

38.12 
45.30 

9.91 
11.78 

3.36 
4.00 

1.47 
1.75 

10494 
12471 

r4386 

5293 

0127 
C29 

8/12 

Fulton. 

5 

17.13 
Dry 

36.23 
43.72 

34.44 
41.55 

12.20 
14.73 

3.03 
3.66 

1.79 
2.16 

9846 
11882 

14252 

5297 

0127 
C29 

8/12 

Fulton... 

5 

16.59 
Dry 

35.98 
43.14 

37.20 
44.61 

10.23 
12.25 

4.07 
4.88 

1.77 
2.12 

10271 
12314 

i'4354 

5300 

0127 
C29 

8/12 

Fulton. 

5 

15.41 
Dry 

35.67 
42.16 

39.04 
46.15 

9.88 
11.69 

3.31 
3.92 

.52 
.61 

10579 
12505 

14443 

12459 

0134 

4/21 

Fulton... 

5 

14.57 
Dry 

35.24 
41.25 

39.58 
46.33 

10.61 
12.42 

2.89 
3.38 

1.00 
1.17 

10562 
12363 

r439i 

12460 

0134 

4/21 

Fulton 

5 

16.16 
Dry 

35.65 
42.52 

37.89 
45.19 

10.30 
12.29 

2.50 
2.98 

1.56 
1.86 

10422 
12431 

14434 

12461 

0134 

4/21 

Fulton. 

5 

13.35 
Dry 

37.84 
43.67 

39.86 
46.00 

8.95 
10.33 

2.22 
2.56 

1.77 
2.04 

10843 
12514 

ui'so 

12462 

0134 

4/21 

Fulton 

5 

15.86 
Dry 

35.20 
41.84 

37.32 
44.35 

11.62 
13.81 

3.49 
4.15 

1.31 
1.56 

10198 
12120 

14380 

12463 

0134 

4/21 

Fulton. 

5 

14.34 
Dry 

35.09 
40.96 

36.72 
42.87 

13.85 
16.17 

3.84 
4.48 

2.47 
2.89 

9944 
11609 

mi? 

12464 

0134 

4/21 

Fulton... 

5 

14.62 
Dry 

36.18 
42.38 

39.21 
45.92 

9.99 
11.70 

2.43 
2.85 

1.49 
1.74 

10719 
12555 

14465 

5342 

0728 
C32 

8/12 

Fulton... 

5 

13.66 
Dry 

38.46 
44.54 

37.06 
42.92 

10.82 
12.54 

3.64 

4.22 

1.26 
1.46 

10689 
12379 

14462 

5343 

0728 
C32 

8/12 

Fultoa 

5 

14.53 
Dry 

37.46 
43.83 

38.35 
44.87 

9.66 
11.30 

3.18 
3.72 

1.60 
1.87 

10804 
12641 

14525 

5344 

0728 
C32 

8/12 

Fulton.. 

5 

15.80 
Dry 

35.84 
42.56 

37.67 

44.74 

10.69 
12.70 

3.00 
3.57 

1.79 
2.12 

10460 
12423 

14520 

5292 

0811 
C28 

8/12 

Fulton. 

5 

17.39 
Dry 

37.00 
44.79 

35.69 
43.20 

9.92 
12.01 

2.74 
3.28 

1.14 
1.36 

10273 
12435 

r44*16 

5295 

0811 
C28 

8/12 

Fulton 

5 

16.33 
Dry 

36.27 
43.34 

36.58 
43.72 

10.82 
12.94 

3.40 
4.06 

1.94 
2.32 

10246 
12247 

14371 

5299 

0811 
C28 

8/12 

Fulton 

5 

16.33 
Dry 

.36.75 
43.92 

38.02 
45.44 

8.90 
10.64 

2.59 
3.10 

1.02 
1.22 

10604 
12674 

14421 

12436 

• 

0814 

4/21 

Fulton. 

5 

15.88 
Dry 

33.96 
40.37 

38.75 
46.07 

11.41 
13.56 

4.38 
5.21 

.92 
1.10 

10330 
12280 

14569 

12437 

0814 

4/21 

Fulton... 

5 

16.68 
Dry 

35.46 
42.56 

37.90 
45.49 

9.96 
11.95 

3.82 
4.58 

.61 

.74 

10464 
12559 

r45"79 

12438 

0814 

4/21 

Fulton 

5 

14.53 
Dry 

35.68 
41.74 

38.23 
44.73 

11.56 
13.53 

3.45 
4.04 

1.00 
1.17 

10608 
12411 

r4679 

1404 

0832 

4/08 

Fulton. 

5 

15.09 
Dry 

35.39 
41.68 

38.89 
45.80 

10.63 
12.52 

3.21 
3.79 

••.•••-•• 

10573 
12450 

14447 

5283 

1116 
C31 

8/12 

Fulton.. 

5 

15.18 
Dry 

37.17 
43.82 

35.17 
41.45 

1 

12.48 
14.73 

3.45 
4.07 

1.70 
2.00 

10201 
12026 

14441 
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Table  3 — Analyses  of  mine  samples  from  District  IV — Continued 
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Proximate  analysis  of  ooal 
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2nd:  "Dry"  or  moisture  free. 
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II 


1^ 

.9  k 

fag 


O, 


o 


0 


1 
'a 


5284 

1116 
C31 

8/12 

S285 

1116 
C31 

8/12 

S296 

1116 
C31 

8/12 

5298 

1116 
C31 

8/12 

5341 

1116 
C31 

8/12 

1856 

1217a 

9/08 

4387 

1220 

8/11 

4388 

1220 

8/11 

2651 

1220a 

8/09 

1796 

0521 

9/08 

1797 

0521 

9/08 

1798 

1132 

9/08 

1 

2769 

0622 

2756 

1336 



5263 

0730 
C33 

8/12 

5264 

0730 
C33 

8/12 

5265 

0730 
C33 

8/12 

US  2881^ 

0730 



US  2882© 

0730 



US  3003«' 

0730 



720 

0730 

9/07 

1889 

1514 

10/08 

FulUML 

Fulton. 

Fulton. 

Fulton. 

Fulton. 

Fulton. 

Fulton. 

Fulton. 

Fulton. 

Knox  (d 


Knox 


Knox 


Knox... 


Knox 


Logan. 
Logan. 
liOgan. 


Logan.. 
Logan.. 
Logan.. 
Logan.. 


Logan.. 


5 

16.94 
Dry 

35.68 
42.95 

37.15 
44.73 

10.23 
12.32 

2.98 
3.59 

1.31 
1.57 

10314 
12418 

5 

18.42 
Dry 

34.98 
42.88 

37.66 
46.15 

8.94 
10.97 

2.33 
2.85 

.86 
1.06 

10270 
12587 

5 

16.82 
Dry 

37.28 
44.81 

33.45 
40.23 

12.45 
14.96 

2.84 
3.42 

1.69 
2.02 

10580 
12038 

5 

16.52 
Dry 

37.17 
44.52 

36.54 
43.78 

9.77 
11.70 

3.91 
4.69 

.81 
.97 

10394 
12451 

5 

17.37 
Dry 

35.71 
43.22 

37.86 
45.82 

9.06 
10.96 

2.34 
2.83 

1.14 
1.38 

10420 
12610 

5 

15.44 
Dry 

35.88 
42.42 

38.35 
45.36 

10.33 
12.22 

3.52 
4.17 



10711 
12666 

5 

12.03 
Dry 

36.30 
41.27 

39.67 
45.08 

12.00 
13.65 

3.35 
3.81 

.72 
.82 

10779 
12254 

5 

14.04 
Dry 

36.14 
42.04 

39.28 
45.69 

10.54 
12.27 

3.46 
4.02 

.56 
.65 

10721 
12472 

5 

14.35 
Dry 

34.48 
40.25 

36.98 
43.18 

14.19 
16.57 

4.44 

5.19 

........ 

10324 
12053 

5P 

14.55 
Dry 

38.25 

44.75 

40.37 
47.26 

6.83 
7.99 

4.31 
5.05 

........ 

11207 
13113 

5? 

14.54 
Dry 

37.73 
44.15 

40.57 
47.46 

7.16 
8.39 

4.47 
5.24 

...••... 

11187 
13090 

5? 

14.45 
Dry 

36.74 
42.95 

38.76 
45.31 

10.05 
11.74 

2.23 
2.60 

10820 
12645 

6? 

17.94 
Dry 

33.99 
48.10 

39.47 
41.42 

8.60 
10.48 

2.60 
3.16 

10367 
12632 

? 

13.30 
Dry 

41.17 
47.85 

38.85 
44.81 

6.68 
7.71 

3.15 
3.63 



11603 
13383 

5 

14.64 
Dry 

37.87 
44.36 

35.56 
41.66 

11.93 
13.98 

3.60 
4.22 

1.10 
1.28 

10400 
12183 

5 

13.98 
Dry 

36.86 
42.84 

37.98 
44.16 

11.18 
13.00 

3.14 
3.65 

1.43 
1.67 

10549 
12264 

5 

13.99 
Dry 

36.85 
42.85 

38.17 

44.37 

10.99 
12.78 

3.26 
3.79 

1.32 
1.53 

10519 
12230 

5 

14.77 

32.90 

39.75 

12.58 

3.95 

10406 

5 

15.52 

32.27 

39.86 

12.35 

3.65 

-~ 

5 

15.68 

32.41 

39.82 

12.09 

3.51 

10215 

5 
5 

14.80 
Dry 

11.83 
Dry 

11.76 
13.81 

10.80 
12.25 

3.03 
3.56 

2.98 
3.38 

10586 
12426 

10912 
12376 

36.45 
41.33 

40.92 
46.42 

14446 
14371" 
i447'9 
1*4409 
14398 
'14673 
14652 
i'462'7 
14771 
i452'8 
14578 
14475 

i'4353 
14721 

14497 
14391 
14313 


14626 
14261' 


d)  The   Knox   County  analyses   were   not   included   in   making   the   averages 
because  of  the  uncertainty  of  Identification  of  the  coals  in  that  area. 

e)  U.  S.  GeoloKical  Survey  BuU.  322.  p.  103.  1908. 
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Table  3 — Analyses  of  mine  samples  from  District  IV — Continued 


o 

2 


u 

s^ 

I 

m 

0 

"3 

z 

G 

9 

^ 

•3 

b* 

S 

«B 

Q 

County 


I 


Proximate  analysis  of  coal 
1st:  "As  nscd,"  with  total 

moisture. 
2nd:  "Dry"  or  moisture  free 


•i 


Is 

> 


.a-S 
fcg 


9 
1 


o 
o 


e 


5426 

1905 
ClOO 

8/12 

5427 

1905 
ClOO 

8/12 

5428 

1905 
ClOO 

8/12 

5429 

1905 
ClOO 

8/12 

5430 

1905 
ClOO 

8/12 

5433 

1905 
ClOO 

8/12 

1748 

1905 

8/08 

1749 

1905 

8/08 

US  3044f 

0100 

••••>••• 

US  3045' 

0100 

— 

5431 

1905 
ClOO 

8/12 

54J2 

1905 
ClOO 

8/12 

5434 

1905 
ClOO 

8/12 

1847 

1103 

9/08 

5200 

1114 
C42 

7/12 

5201 

1114 
C42 

7/12 

5202 

1114 
C42 

7/12 

1569« 

1114 

6/08 

5244 

W1212 
C41 

7/12 

5245 

W1212 
C41 

7/12 

5346 

W1212 
C41 

7/12 

1874 

W1212 

10/08 

McLean 

2 

10.13 
Dry 

45.00 
50.07 

35.92 
39.97 

8.95 
9.96 

McLean 

2 

11.34 
Dry 

40.05 
45.17 

39.18 
44.19 

9.43 
10.64 

McLean 

2 

10.61 
Dry 

41.87 
46.84 

35.94 
40.21 

11.58 
12.95 

McLean 

2 

12.31 
Dry 

42.17 
48.09 

38.03 
43.37 

7.49 
8.54 

McLean 

2 

12.00 
Dry 

42.00 

47.73 

37.96 
43.14 

8.04 
9.13 

McLean 

2 

11.27 
Dry 

42.17 
47.53 

39.27 
44.25 

7.29 
8.22 

McLean 

2 

12.02 
Dry 

40.86 
46.44 

38.21 
43.43 

8.91 
10.13 

McLean 

2 

12.56 
Dry 

39  44 
45.10 

35.70 
40.84 

12.30 
14.06 

McLean 

5 
5 

10.25 
9.88 

35.88 
35.99 

40.11 
38  22 

13.76 
15.91 

McLean 

McLean 

5 

12.88 
Dry 

38.84 
44.58 

35.80 
41.09 

12.48 
14.33 

McLean 

5 

13.34 
Dry 

38.39 
44.30 

36.72 
42.37 

11.55 
13.33 

McLean 

5 

13.73 
Dry 

36.79 
42.64 

36.14 
41.89 

13.34 
15.47 

McLean 

6? 

14.15 
Dry 

37.00 
43.08 

37.23 
43.38 

11.62 
13.54 

Macon 

5 

13.52 
Dry 

36.72 
42.46 

39.66 
45.86 

10.10 
11.68 

Macon 

5 

13.62 
Dry 

37.72 
43.68 

40.34 
46.70 

8.32 
9.62 

Macon 

5 

14.36 
Dry 

38.06 
43.88 

39.35 
45.37 

9.33 
10.75 

Macon 

5 

13.91 
Dry 

37.00 
42.95 

39.33 
45.72 

9.76 
11.33 

Maooo 

5 

14.76 
Dry 

35.46 
41.60 

38.08 
44.67 

11.70 
13.73 

Macon 

5 

14.54 
Dry 

36.33 
42.51 

38.01 

44.47 

11.12 
13.01 

Macon 

5 

14.14 
Dry 

36.21 
42.18 

38.07 
44.34 

11.58 
13.48 

Maoon 

5 

14.07 
Dry 

37.10 
43.19 

36.66 
43.99 

10.17 
11.82 

3.27 
3.59 

3.18 
3.58 

3.79 
4.24 

2.69 
3.07 

2.37 
2.70 

2.91 
3.28 

2.96 
3.36 

4.15 
4.74 

2.80 

3.15 

3.60 
4.14 

3.59 
4.14 

3.99 
4.62 


2.42 
2.82 


4.23 
4.95 

3.39 
3.93 

3.87 
4.46 

3.29' 
3.82 

3.24 
3.81 

3.47 
4.06 

3.24 

3.77 

3.68 
4.28 


.74 
.82 

11710 
13029 

1 

.90 
.01 

11394 
12851 

1 

.92 
.03 

11225 
12557 

1 

.94 
.07 

11636 
13270 

1 

1 

.23 
.40 

11634 
13220 

1 
1 

.12 
.26 

11784 
13279 

... 

- — 

11419 
12980 

1075-1 
12299 

11149 

.17 
.35 

10601 
12168 

.31 
.51 

10743 
12397 

... 

.19 
.30 

10399 
12054 

10719 
12485 

.09 
.11 

10646 
12443 

.00 
.00 

11046 
12788 

... 

.19 

.22 

10963 
12638 

10804 
12549 

1 

.90 
.06 

10390 
12189 

.68 

.79 

10465 
12244 

1 
1 

.12 
.31 

10493 
12210 

10780 
12545 

14723 
14643 
14752 
14722 
14759 
14684 
i'4633 
14591 


14544 
1*4629 
14639 

14667 

14465 
14403 
14447 


14443 
14385 
14433 
14470 


f  )  U.  S.  Bureau  of  Mines  Bull.  22,  Part  I,  p.  86,  1913. 
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Table  3 — Analyses  of  mine  swmples  froTn  District  IV — Continued 


s 

« 

o 

• 
o 

ra 

i 
1 

a 

a 

Q 

Coaniy 

1 

Proximate  analysis  of  ooal 
Ist:  "As  reed,"  with  total 

moisture. 
2nd:  **Dry*' or  moisture  free. 

3 

! 

8 

9 

■ 

1 

•a 

2 

1 

IB 
11 

^1 

4 

2804 

1332 
1814 

1224 

1510 
1510 
1510 
1510 

1610 
C25 

1610 
r.25 

1610 
C25 

1610 

1610 

1612 
C26 

1612 
C26 

1612 
C26 

1626 

1626 

1626 

1626 

1814 

1926 

0424 

0103 

12/09 
4/08 
4/08 

•• 

8/12 
8/12 
8/12 
7/09 
4/08 
8/12 
8/12 
8/12 

4/08 
8/09 
8/09 

7/09 

7/09 

Maoon 

6 
2 

5 

5 
5 
5 
5 

5 

5 

5 

5 

5 

5 

5 

5 

5 
5 
5 
5 

5 

5? 

6 

7 

15.42 
Dry 

12.05 
Dry 

13.45 
Dry 

15.03 

15.41 

15.51 

15.57 

14.23 
Dry 

14.54 
Dry 

16.00 
J>ry 

16.16 
Dry 

14.73 
Dry 

16.00 
Dry 

14.23 
Dry 

14.76 
Dry 

15.66 

15.38 

15.34 

14.29 
Dry 

15.41 
Dry 

15.34 
Dry 

17.16 
Dry 

14.54 
Dry 

39.68 
41.96 

40.49 
46.03 

34.81 
40.22 

34.56 

33.87 

34.77 

34.08 

36.65 
42.73 

37.41 
43.77 

36.46 
43.41 

35.41 

42.23 

35.92 
42.13 

36.06 
42.93 

37.41 
43.62 

35.95 
42.18 

34.74 

34.51 

34.25 

34.79 
40.60 

35.33 
41.77 

34.92 
41.25 

35.66 
43.05 

34.01 
39.79 

44.05 
46.57 

37.88 
43.07 

37.32 
43.12 

39.05 

38.85 

38.68 

38.18 

37.04 
43.18 

37.32 
43.67 

37.28 
44.38 

39.52 
47.14 

36.74 
43.09 

37.54 
44.69 

37.36 
43.56 

35.34 
41.46 

40.38 

39.48 

40.80 

37.67 
43.94 

38.57 
45.59 

37.62 
44.44 

38.11 
46.00 

37.07 
43.38 

10.85 
11.47 

9.58 
10.90 

14.42 
16.66 

11.36 

11.87 

11.03 

12.17 

12.08 
14.09 

10.73 
12.56 

10.26 
12.21 

8.91 
10.63 

12.61 
14.78 

10.40 
12.38 

11.00 
12.82 

13.95 
16.36 

9.22 

10.63 

9.61 

13.25 
15.46 

10.69 
12.64 

12.12 
14.31 

9.07 
10.95 

14.38 
16.83 

4.25 
4.50 

3.94 
4.48 

3.09 
3.58 

2.64 

2.88 

2.62 

3.42 

3.39 
3.96 

3.27 
3.82 

3.65 
4.35 

2.38 
2.84 

3.38 
3.97 

2.90 
3.46 

3.14 
3.66 

3.19 

3.74 

2.64 

2.75 

3.11 

2.71 
3.16 

3.60 
4.25 

2.85 
3.37 

2.78 
3.36 

3.05 
3.57 

1.55 
1.81 

1.18 
1.38 

.90 
1.07 

1.27 
1.51 

2.17 
2.53 

2.00 
2.34 

11814 
12492 

11316 
12866 

10398 
12014 

10490 

10386 

10489 

10283 

10483 
12220 

10705 
12526 

10583 
12598 

10895 
12995 

10451 
12257 

10515 
12518 

10573 
12327 

10173 
11935 

10798 

10645 

10741 

10365 
12094 

10677 
12622 

10497 
12385 

10465 
12633 

10155 
11881 

1411 

Peoria 

14396 

1409 

Peoria 

14698 

IJS229829 

Peoria.- 

14636 

US22983ft 

Peoria.- 

US229a4^ 

Peoria. 

US22985K 

Peoria.- 

5289 

Peoria.- 

5290 

Peoria. 

14553 

5291 

14625 

2642 

Peoria. 

14664 

1410 

Peoria. 

14644 

5303 

Peoria. 

14619 

5304 

Peoria 

14773 

5305 

Peoria. 

14433 

US21032« 

Peoria. 

14636 

US21033K 

Peoria. 

US21034« 

Peoria. 

1403 

Peoria 

Peoria. 

2644 

14493 

2643 
2637 
2640 

Peoria. 

Pooria. 
pAorin,,,, 

14697 
14685 

143'71 

14493 

8)  U.  S.  Bureau  of  Mines  Bull.  123,  p.  35,  1918. 
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Table  3 — Analyses  of  mine  samples  from  District  IV — Continued 


o 

3 


u 

»»• 

•1 

6 

-a 

Z 

9 

tS 

•3 

fa 

s 

« 

0 

County 


Proximate  analysis  of  coal 
1st:  "As  reed."  with  total 

moisture. 
2nd:  "Dry"  or  moisture  free. 


.S 
o 


II 


a 

•s. 


o 
u 


e 
3 


5187 

0317 
C40 

7/12 

5188 

0317 
C40 

7/12 

5189 

0317 
C40 

7/12 

5166 

0436 
C39 

7/12 

5167 

0436 
C39 

7/12 

5168 

0436 
C39 

7/12 

5128 

0913 
C37 

7/12 

5129 

0913 
C37 

7/12 

5118 

1010 
C36 

7/12 

5119 

1010 
C36 

7/12 

5120 

1010 
C36 

7/12 

5196 

1503 
C38 

7/12 

5197 

1503 
C38 

7/12 

5198 

1503 
C38 

7/12 

5199 

1503 
C38 

7/12 

5130 

2421 
C74 

7/12 

5131 

2421 
C74 

7/12 

5132 

2421 
C74 

7/12 

5115 

'2515 
-    C75 

8/12 

5116 

2515 
C75 

8/12 

5117 

2515 
C75 

8/12 

Sangamon. 


Sangamon. 


Sangamon. 


Sangamon 


Sangamon. 


Sangamon.. 


Sangamon 


Sangamon.. 


Sangamon. 


Sangamon.. 


Sangamon 


Sangamon 


Sangamon 


Sangamon 


Sangamon 


Sangamon. 


Sangamon 


Sangamon.. 


Sangamon. 


Sangamon. 


Sangamon 


5 

14  82 
Dry 

37.18 
43.65 

38.22 
44.87 

9.78 
11.48 

4  30 
4.52 

.72 
.84 

10683 
12541 

5 

16.05 
Dry 

35.58 
42.38 

38  04 
45.32 

10.33 
12.30 

4  18 
4.98 

17 
.20 

10413 
12404 

5 

14.31 
Dry 

37.31 
43.54 

38.20 
44.58 

10.18 
11.88 

4  21 
4.91 

.90 
1.05 

10655 
12431 

5 

13.38 
Dry 

37  20 
42.95 

36.40 
42.03 

13  01 
15.02 

4.78 
5.52 

96 
1.10 

10338 
11934 

5 

13.35 
Dry 

36.64 
42.27 

37.12 
42.85 

12.89 
14.88 

4.80 
5  53 

.84 
.97 

1034B 
11942 

5 

13.19 
Dry 

38.44 
44  28 

36.47 
42.00 

11.90 
13  72 

4.61 
5.31 

1.05 
1  20 

10513 
12110 

5 

14.08 
Dry 

37.38 
43.51 

37.56 
43.71 

10.98 
12.78 

3.97 
5.17 

• 

.3? 

.49 

9471 
12337 

5 

13.86 
Dry 

37.11 
43.08 

39.05 
45.34 

9.98 
11.58 

2.57 
4.07 

.52 
.61 

10726 
12451 

5 

16.05 
Dry 

35.82 
42.66 

37.14 
44.25 

10.99 
13.09 

3.55 
4.22 

.67 
.80 

10330 
12306 

5 

15.53 
Dry 

36.36 
43.04 

38.05 
45.05 

10.06 
11.91 

3.86 

4.57 

.55 
.66 

10522 
12457 

5 

14.45 
Dry 

37.46 
43.79 

38.27 
44.73 

9.82 
11.48 

3.59 
4.19 

.55 
.65 

10704 
12512 

5 

14.25 
Dry 

37.25 
43.44 

37.07 
43.24 

11.43 
13.32 

4.76 
5.55 

.98 
1.15 

10414 
12147 

5 

14.10 
Dry 

38.74 
45.09 

37.66 
43.85 

9.50 
11.06 

3.86 
4.50 

.75 
.87 

1079C 
12564 

5 

14.44 
Dry 

38.22 
44.67 

37.68 
44.04 

9.66 
11.29 

3.79 
4.43 

.63 

.73 

10746 
12549 

5 

14.08 
Dry 

38.05 
44.28 

35.30 
41.09 

12.57 
14.63 

5.87 
6.83 

.60 
.69 

1022b 
11903 

6 

15.22 
Dry 

38.23 
45.09 

37.36 
44.07 

9.19 
10.84 

4.38 
5.17 

.38 
.45 

10579 
12478 

6 

13.10 
Dry 

38.86 

44.72 

37.25 
42.86 

10.79 
12.42 

5.08 
5.86 

.41 
.47 

10592 
12187 

6 

14.43 
Dry 

38.14 
44.58 

37.07 
43.32 

10.36 
12.10 

4.77 
5.58 

.40 
.47 

10495 
12265 

6 

14.97 
Dry 

36.90 
43.39 

38.36 
45.12 

9.77 
11.49 

3.53 
4.16 

.59 
.67 

10598 
12466 

6 

14.51 
Dry 

37.60 
43.98 

39.69 
46.43 

8.20 
9.59 

3.44 
4.02 

.22 
.25 

10911 
12763 

6 

1 

12.98 
Dry 

38.23 
43.94 

38.92 
44.72 

9.87 
11.34 

4.32 
4.96 

.56 
.65 

10845 
12463 

14483 
14476 
14251 
1443*9 
14423 
14397 


14492 
14365 
14476 
r445b 
14*23 
14381 
i4^il5 
14435 
14366 
14301 
14268 
14292 
r4361 
i43'73 
14368 
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Table  3. — Analyses  of  mine  samples  from  District  IV — Concluded 


d 

• 

0 

6 

1 

•I 

d 
eg 

& 

County 

1 

Proximate  analysis  of  coal 
Ist:  **A8  reed."  with  total 

moisture. 
2nd;  "Dry"  or  moisture  free 

3 

1 

8 

• 

0 

1 

1 

Z 

i 

•3 

In 

II 

Si 

i 

9708 
9709 

0136 
0136 

0819 

0906a 
C27 

0906a 
r.27 

0906a 
C27 

0407 
0906a 

11/16 
11/16 

9/08 

7/12 
7/12 
8/12 

4/08 
4/08 

Schuyler 

Schuyler. 

2 

2 

6 

5 
5 
5 

6 
6 

12.73 
Dry 

12.34 
Dry 

12.99 
Dry 

14.71 
Dry 

13.88 
Dry 

15.56 
Dry 

14.30 
Dry 

14.35 
Dry 

37.56 
43.04 

38.11 
43.48 

37.28 
42.84 

37.46 
40.06 

37.58 
43.64 

37.60 
44.53 

36.74 
42.87 

36.95 
43.14 

41.88 
47.99 

42.29 
48.24 

38.62 
44.40 

38.57 
44.03 

40.01 
46.45 

36.70 
43.46 

39.11 
45.64 

38.04 
44.41 

7.83 
8.97 

7.26 
8.28 

11.11 
12.76 

10.26 
11.91 

8.53 
9.91 

10.14 
12.01 

9.85 
11.49 

10.66 
12.45 

4.77 
5.46 

4.32 
4.92 

3.75 
4.31 

3.51 
4.07 

2.55 
2.96 

3.23 
3.83 

3.34 
3.90 

3.02 
3.53 

1.15 
1.33 

.95 
1.10 

1.50 
1.78 

11621 
13316 

11841 
13507 

11057 
12709 

10801 
12516 

11076 
12860 

10552 
12496 

10875 
12690 

10709 
12504 

14924 

1812 

5277 

Schuyler. 

TazewelL 

Taxewell 

Taxewell 

TaxewelL.... 

TazewelL... 

15011 
14827 

5278 

14500 

5281 

1412 
1413 

14499 
14488 

• 

14E62 

14482 

■)  The  analyses  that  have  "US"  laboratory  numbers  were  made  by  either  the  U.  S. 
Bureau  of  Mines  or  the  U.  S.  Geological  Survey,  as  indicated  in  following  footnotes  which 
make  reference   to  their  place  of  publication. 

^  Analyses  having  the  same  file  number  are  for  a  single  mine.  It  should  be  re- 
membered that  as  much  dependence  can  not  be  placed  on  a  single  analysis  from  a  given 
mine  as  may  be  placed  on  a  group  from  one  mine. 

Analyses  having  *'C"  file  numbers  are  republished  from  State  Geological  Survey 
Bull(^tin  29,  and  Illinois  Mining  Investigations  Bulletin  3,  and  belong  to  a  series  made  by 
J.  M.  Lindgren  under  the  general  supervision  of  Professor  S.  W.  Parr  of  the  Univer- 
sity of   Illinois,    for    those    bulletins. 

^  The  Fulton  County  analyses  that  have  April,  1921,  as  the  date  of  analysis,  were 
made  on  samples  collected  by  or  under  the  supervision  of  H.  E.  Culver  of  the  Survey 
sUff. 
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Table  4. — Average  analytical  and  heal  values  for  No.  f ,  No.  2,  No.  5,  No.  6  and  No.  7  coals 

by  counties  and  for  the  district 


Proximate  analysis  of  ooal 

— 

1st:  "As  reed,"  with  total 

1 

moisture. 

s 

.9 

a 

County 

1 

2nd:  **Dry"  or  moisture  free 

•* 
p 

• 

9 

• 

1 

9 

g 

A    . 

•8 
e 

• 

o 

I 

1 

VolaUh 
mattei 

Fixed 
carbon 

% 

3 

U 

A 

'S 
3 

NO.   1  COAL 


3 

1 

1 
2 

Christian 

1 

1 
I 

11.31 
Dry 

12.71 
Dry 

12.11 
Dry 

38.89 
43.85 

38.19 
43.77 

38.49 
43.80 

40.94 
46.16 

39.79 
45.61 

40.29 
45.84 

8.86 
9.99 

9.31 
10.62 

9.12 
10.35 

2.35 
2.65 

4.70 
5.37 

3.69 
4.20 

.64 
,72 

.62 
.70 

.63 
.71 

11603 
13081 

11387 
13052 

11479 
13065 

4 

Fulton _ 

14717 

7 

14939 

14844 

NO.  2  COAL 


4 

Christian 

2 

12.61 
Dry 

38.39 
44.11 

41.43 

47.41 

7.42 
8.48 

3.32 
3.80 

.21 
.24 

11601 
14276 

14746 

1 

Fulton 

2 

14.87 
Dry 

35.80 
42.06 

43.88 
51.54 

5.45 
6.40 

8.'69 

:= 

11641 
13674 

14083 

8 

McLean 

2 

11.53 
Dry 

41.45 
47.12 

37.53 
42.43 

9.25 
10.45 

3.17 
3.57 

.98 
1.10 

11445 
12936 

14686 

1 

Peoria 

2 

12.05 
Dry 

40.49 
46.03 

37.88 
43.07 

9.58 
10.90 

3.94 
4.48 



11316 
12866 

i469i 

2 

Schuyler 

2 

12.54 
Dry 

37.81 
43.26 

42.09 
48.12 

7.55 
8.63 

4.55 
5.19 

..~- — 

11731 
13412 

14968 

16 

5    . 

Average 

2 

12.16 
Dry 

39.92 
45.50 

39.49 
44.99 

8.36 
9.50 

3.44 

3.89 

.72 
.81 

11524 
13122 

14701 

NO.  5  COAL 


48 

14 

Fulton. 

5 

15.36 
Dry 

35.04 
41.95 

38.00 
44.90 

10.90 
13.14 

3.13 
3  68 

1.48 
1.70 

10421 
12295 

14465 

8 

2 

Logan 

5 

14.40 
Dry 

35.09 
42.85 

38.87 
44.15 

11.71 
13.16 

3.39 
3.72 

1.28 
1.49 

10512 
12296 

14418 

5 

2 

McLean. 

5 

12.02 
Dry 

37.18 
43.84 

37.40 
41.78 

13.41 
14.38 

3.43 
4.30 

1.22 
1.39 

10723 
12206 

14572 

8 

2 

Macon. 

5 

14.14 
Dry 

36.83 
42.56 

38.69 

45.14 

10.26 
11.93 

3.55 
4.14 

.50 
.58 

10698 
12451 

14427 

18 

6 

Peoria 

5 

15.09 
Dry 

35.39 
42.33 

38.17 
43.98 

11.34 
13.69 

3.04 
3.71 

1.51 
1.77 

10536 
12372 

14616 

15 

5 

Sangamon. 

5 

14.35 
Dry 

37.30 
43.55 

37.57 
43.86 

10.78 
12.59 

4.16 
4.86 

.59 
.69 

10555 
12323 

14415 

3 

1 

Tazewell 

5 

14.72 
Dry 

37.55 
42.74 

38.43 
44.65 

■ 

9.64 
11.28 

3.09 
3.62 

1.20 
1.40 

10810 
12624 

14496 

105 

37 

Average 

5 

14.83 
Dry 

35.73 
42.43 

38.05 
44.49 

11.07 
13.01 

3.33 
3.95 

1.24 
1.43 

10497 
12326 

14474 
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Table  4 — Concluded 
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Z 

County 
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1 


Proximate  analysis  of  coal 
1st:  **As  reed."  with  total 

moistare. 
2nd:  "Dry"  or  moisture  free. 


•8 


IS 


1^ 


« 


u 


O 


9 


a 


NO.  6  COAL 


I 

1 

Macon.. 

6 

15.42 
Dry 

39.68 
41.96 

44.05 
46.57 

10.85 
11.47 

4.25 
4.50 

11814 
12492 

14396 

1 

1 

Peoria 

6 

17.16 
Dry 

35.66 
43.05 

38.11 
46.00 

9.07 
10.95 

2.78 
3.36 

10465 
12633 

14371 

6 

2 

Sangamon. 

6 

14.20 
Dry 

37.99 
44.28 

38.11 
44.42 

9.70 
11.30 

4.26 
4.96 

.42 
.49 

10671 
12437 

14329 

1 

1 

Schuyler 

6 

12.99 
Dry 

37.28 
42.84 

38.62 
44.40 

11.11 
12.76 

3.75 
4.31 

11057 
12709 

14827 

*> 

2 

Tazewell _ 

6 

14.33 
Dry 

36.85 
43.01 

38.58 
45.03 

10.26 
11.97 

3.18 
3.72 

10297 
12597 

14522 

11 

7 

Average 

6 

14.49 
Dry 

37.66 
43.60 

38.78 
44.87 

9.97 
11.54 

3.88 
4.49 

.42 
.49 

10813 
12514 

14418 

NO.  7  COAL 


Peoria. 


14.54 
Dry 


34.01 
39.79 


37.07 
43.38 


14.38 
16.83 


3.05 
3.57 


10155 
11881 


14493 
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STRUCTURE 

The  structure  of  the  several  counties  covered  by  this  report  is 
discussed  in  some  detail  by  county  units  in  Part  IL  For  the  con- 
venience of  those  interested  in  the  structure  of  District  IV  as  a  whole, 
Plates  I  and  III  have  been  prepared. 

On  the  map,  Plate  I,  structure  contours  on  the  top  of  No.  5  coal 
show  the  lay  of  the  rock  in  the  area  as  closely  as  it  can  be  determmed 
from  a  study  of  outcrops  and  available  drill  and  shaft  records.  The 
locations  of  all  the  active  shipping  mines  in  the  district  and  of  such 
other  mines  and  borings  as  gave  information  useful  in  the  preparation 
of  the  map,  are  also  shown,  as  well  as  the  position  of  the  outcrop  of 
No.  5  coal. 

Plate  III  consists  of  three  structure  sections,  two  approximately 
east  and  west  and  one  north  and  south  across  the  district. 

The  numbered  red  lines  on  the  map,  Plate  I,  are  structure  con- 
tours on  No.  5  coal.  Any  given  contour  connects  all  known  points 
where  the  elevation  of  No.  5  coal  is  the  same  and  the  numbers  on 
the  lines  state  that  elevation.  In  Plate  I,  the  contour  interval  used 
west  of  Illinois  River  is  25  feet,  which  means  that  between  any  two 
adjacent  contours  the  coal  bed  dips  more  or  less  uniformly  from  the 
higher  elevation  to  the  lower.  East  of  the  Illinois  the  interval  is  50 
feet,  and  a  fifty-foot  change  in  elevation  from  one  contour  to  the  next 
is  implied. 

Study  of  the  structure  shown  on  the  map  shows  that  the  general 
regional  dip  is  to  the  southeast,  from  650  feet  above  sea  level  in  south- 
central  Knox  County  to  only  50  feet  above  sea  level  in  southeastern 
Mason  County. 

This  regional  dip  in  the  direction  of  the  major  synclinal  basin 
that  roughly  parallels  the  La  Salle  anticline.  In  Eastern  McLean 
County  is  found  the  only  exception  to  the  general  regional  dip — there 
the  strata  are  beginning  to  rise,  as  shown  by  the  No.  5  coal  contours, 
to  form  the  west  flank  of  the  La  Salle  anticline. 

It  will  be  noticed  that  the  contours  are  more  irregular  in  Peoria, 
Fulton,  and  Sangamon  counties  than  in  the  remainder  of  the  area.  This 
difference  does  not  mean  that  in  those  counties  dips  are  more  variable 
than  they  are  elsewhere ;  in  all  probability  irrgularities  of  the  same  sort 
characterize  the  whole  district,  but  outside  the  counties  mentioned, 
well  logs  and  outcrops  are  so  few  and  scattered  that  it  was  not  pos- 
sible to  work  out  details  of  structure. 
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PART  II.— COUNTY  REPORTS 


INTRODUCTION 

The  detailed  description  of  the  geological  conditions  in  the  district 
as  affecting  mining  is  thought  to  be  most  conveniently  presented  by  the 
county  unit.  County  reports  are  therefore  presented  in  alphabetical 
order  in  the  following  pages. 

A  complete  list  of  shipping  mines  in  District  IV  for  the  year  1920 
is  given  herewith  as  table  6. 
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CASS  COUNTY 

Production  and  Mines 

Production  in  tons,  year  ended  June  30,  1920 4,233 

Average  annual  production,  1916  to  1920 1,858 

Total  production,  1881  to  1920 155,785 

The  production  in  1920  came  from  four  local  mines,  two  along 
the  Illinois  valley  bluff  near  Beardstown,  one  at  Chandlerville,  and 
one  at  Ashland.  These  mines  are  all  small,  so  that  the  resources  of  this 
county  are  essentially  untouched. 

Coal-bearing  Rocks 

All  of  Cass  County  is  underlain  by  "Coal  Measures"  strata  ex- 
cept for  the  area  between  Illinois  River  and  its  valley  bluff,  and  in 
the  lower  part  of  the  Sangamon  valley,  below  Chandlerville,  where  the 
"Coal  Measures"  have  been  entirely  eroded,  so  as  to  expose  the  under- 
lying Mississippian  limestone. 

Since  the  line  of  outcrop  of  No.  5  coal  nearly  coincides  with  the 
eastern  boundary  of  the  county,  it  is  believed  that  most  of  the  area 
is  underlain  by  Pennsylvanian  strata  older  than  No.  5  coal,  that  is  by 
strata  of  lower  Carbondale  and  Pottsville  age.  These  formations 
contain  at  least  one  and  probably  two  beds  of  coal  neither  of  which, 
apparently,  is  more  than  three  feet  thick.  The  most  widespread  of 
these  coals  is  the  No.  2  (Colchester,  Murphysboro,  or  La  Salle  "Third 
Vein")  coal  which  outcrops  along  the  Illinois  and  Sangamon  valley 
bluffs  between  BluflF  Springs  and  Chandlerville,  and  has  been  mined 
at  Virginia  at  a  depth  of  about  200.  It  is  probably  this  same  bed 
which  at  one  time  was  mined  at  Ashland  at  a  depth  of  205  feet.^ 
As  the  identity  of  this  coal  is  not  determined,  and  as  it  may  be  younger 
than  No.  2,  it  may  be  the  same  as  a  bed  encountered  in  a  drill  hole 
just  south  of  Springfield,  between  50  and  60  feet  below  No.  5  (Spring- 
field) coal. 

The  character  of  the  strata  with  which  the  coals  are  interbedded 
is  not  well  known.  Worthen^  reports  the  following  succession  taken 
at  an  old  shaft  near  Bluff  Springs: 


iThird  Biennial  Report  of  the  Bureau  of  Labor  Statistics,  p.  506,  1884, 
'Geological  Survey  of  lUlnols.  VoL   4.  p.   165,   1870. 
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Section  of  Pennsylvanian  strata  near  Bluff  Springs,  Ca^s  County 

Thickness      Depth 
Feet  Feet 

1.  Soil    (loess)    15  15 

2.  Sandstone,  brownish,  with  plant  impressions 13  28 

3.  Limestone  ("blue  rock")    2  30 

4.  Clay  shale  ("soapstone*  ^    12  42 

5.  Coal 3  45 

6.  Fire  clay,  very  hard 4  49 

The  sandstone,  No.  2  of  the  above  section,  can  be  traced  along 
the  bluff  northeastward  nearly  to  Chandlerville,  and  it  is  present  in 
the  shaft  at  Virginia  with  a  thickness  of  70  feet,  as  may  be  noted  in  the 
following  drill  record  of  a  coal  prospect  at  that  place. 

Record  of  a  boring  for  coal  at  Virginia^  Cass  County,  Illinois^ 


Description  of  Strata 


Quaternary  system — 

Pleistocene  and  Recent — 

Soil,  and  clay,  brown 

Clay,  yellow 

Clay,  blue 

Hardpan 

Forest  bed  (ancient  soil) 

Hardpan 

Pennsylvanian  system — 

Sandstone 

Limestone,  hard 

Shale,  black 

Shale,  clay. , 

Coal  (No.  2)  (base  of  Pottsville) 

Fire  clay 

Shale,  black 

Shale,  clay 

Clay,  "potter's" 

Coal 

Sandstone  and  shale , 

Coal 

Sandstone  and  shale 

Coal 

Sandstone  and  shale 

Coal 

Sandstone 

Coal 

Sandstone  and  shale. 

Clay  shale... 


Horizon  of 
No.  l._ 


Depth 


Ft. 


1 

9 

39 

67 

70 

115 

186 
188 
190 
200 
204 
207 
207 

215  > 
228 

228 

234 

234 

241 

241 

258 

258 

261 

261 

265 

269 


In, 


6 
2 
2 
2 


11 

6 
9 
3 
3 
6 


2 
3 
6 
3 
11 
3 
6 
3 
5 
2 
2 


iGeoloerical  Survey  of  Illinois,  Vol.  7,  p.  15,  1S83. 
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Record  of  a  boring  for  coal  at  Virginia,  Cass  County — Concluded 


Description  of  Strata 


Sandstone 

Rock,  hard  siliceous 

Clay  shale.. 

Rock,  hard  siliceous 

Shale,  hard  green 

Mississippian  system — 

St.  Louis  and  Warsaw — 

Shale,  hard  green 

Limestone 

Sandstone 

Limestone 

Sandstone 

Limestone,  gray.. 

Sandstone 

Limestone 

Sandstone 

Keokuk — 

Clay  shale,  drab , 

Shale,  sandy 

Limestone,  shaly 

Quartz  band , 

Limestone,  shaly 

Shale,  clay 

Limestone,  shaly , 

Flint  band,  yellow.. 

Shale,  clay 

Limestone,  hard  gray.... 

Limestone,  shaly 

Shale,  with  bryozoans.. 

Limestone,  shaly 


Thickness 

De] 

Ft. 

in. 

Ft, 

7 

5 

276 

2 

.. 

278 

2 

^ 

281 

3 

6 

284 

2 

10 

287 

2 

10 

287 

9 

1 

296 

1 

8 

298 

62 

4 

360 

8 

•••• 

368 

1 

■  ~aa 

369 

2 

B*4* 

371 

2 

3 

373 

18 

.... 

391 

6 

6 

398 

5 

3 

403 

4 

1 

407 

•■*• 

4 

407 

3 

8 

411 

mmmm 

6 

412 

16 

9 

428 

«... 

1 

428 

3 

7 

432 

4 

1 

436 

6 

2 

442 

2 

2 

444 

4 

7 

449 

m. 

6 
7 
1 
7 
5 


S 
6 
2 
6 
6 
6 
6 
9 
9 

3 
6 
7 

11 
7 
1 

10 

11 
6 
7 
9 

11 
6 


The  correlation  of  the  coal  mined  at  Bluff  Springs  and  Virginia 
is  based  upon  comparisons  made  by  Worthen,^  who  points  out  the 
similarity  of  this  coal  to  the  coal  mined  and  outcropping  at  Exeter, 
Scott  County.  Observations  by  the  writer  in  Scott  County  indicate 
that  the  coal  at  Exeter  and  Alsey  is  the  same  coal  as  that  mined  near 
Roodhouse  and  Whitehall  in  Greene  County  and  at  Upper  Alton  in 
Madison  County,  and  is  to  be  correlated  with  the  No,  2  coal.  This  coal 
in  southwestern  Illinois  has  a  roof  of  black  paper-shale,  commonly 
called  "slate"  which  has  a  variable  thickness  up  to  about  20  feet;  but 
in  certain  areas,  especially  toward  the  north,  gray  shale  or  "soap- 
stone"  lies  between  the  coal  and  "slate."    About  5  feet  below  the  coal 


iWorthen,  A.  H.  Geological  Survey  of  IllinoiB,  Vol.  4,  p.  173. 
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is  a  bed  of  limestone  2  to  5  feet  thick,  known  locally  as  the  "sump 
rock."  These  relationships  render  the  identification  of  the  No.  2  coal 
very  definite  throughout  the  southwestern  part  of  the  coal  basin,  so 
that  there  is  not  much  doubt  as  to  the  correlation  of  the  coal  at  Bluff 
Springs,  provided  it  is  the  same  as  the  coal  at  Exeter. 

Dip  of  the  Rocks 

In  Cass  County  the  coal-bearing  strata  dip  at  a  low  angle  to  the 
east,  at  the  rate  of  8  to  10  feet  per  mile.  Thus,  coal  which  outcrops 
along  the  bluff  east  of  Beardstown  is  at  a  depth  of  about  200  feet  at 
Virginia  and,  provided  the  coal  formerly  mined  at  Ashland  is  No.  2, 
possibly  50  feet  lower  at  Ashland.  Because  of  the  eastward  dip, 
younger  and  younger  rocks  underlie  the  glacial  material  in  that  direc- 
tion, so  that  the  outcrop  of  the  No.  5  or  Springfield  coal  nearly  coin- 
cides with  the  east  line  of  the  county.^  Whether  or  not  there  are  large 
irregularities  or  significant  interruptions  in  the  general  eastward  dip 
is  not  known.  In  general  it  is  believed  unlikely  that  there  are  any  ir- 
regularities in  the  "lay"  of  the  coal  that  will  seriously  interfere  with 
mining. 

No.  2  Coal 

The  principal  coal  of  Cass  County  is  undoubtedly  the  No.  2  bed, 
which  underlies  all  the  county  east  of  Illinois  valley,  probably  cross- 
ing the  Sangamon  valley  near  Chandlerville.  This  coal  is  commonly 
between  3  and  3^  feet  in  thickness,  and  elsewhere  possesses  great 
regularity  in  thickness  and  in  physical  characteristics,  though  very 
little  IS  known  as  to  its  physical  characteristics  in  this  county.  It  is 
probable,  however,  that  the  coal  has  the  usual  gray  shale  or  black 
"slate"  roof  found  above  No.  2  coal  in  adjacent  counties  to  the  south 
and  west,  a  description  of  which  is  given  in  some  detail  in  the  chapter 
assigned  to  the  resources  of  Fulton  County.  An  analysis  of  No.  2  coal 
made  from  a  sample  collected  in  Schuyler  County  may  also  be  found  in 
the  same  section. 

Because  this  coal  is  relatively  so  thin  and  its  area  of  outcrop  so 
small  that  mining  by  drift  or  slope  entrance  is  practicable  in  only  a 
small  part  of  the  county,  the  development  of  the  coal  resources  in  Cass 
County  is  probably  not  a  matter  of  immediate  concern.  Diamond 
drilling  should  precede  future  development,  as  the  data  available  are 
entirely  too  meager  to  justify  undertaking  mining  operations. 

As  the  rock  surface  below  the  drift  is  more  or  less  irregular,  it 
is  not  improbable  that  isolated  and  local  areas  of  No.  5  coal  may  be 

iShaw,    E.    W.,    and    Savagre,    T.    E.,    U.    S.    Geological    Survey    Geol.    Atlas: 
TaUula-Sprinsfleld  Folio  (No.  188).  Areal  geology  sheet,  1913. 
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present  in  places  in  the  eastern  part  of  the  county,  west  of  the  principal 
line  of  outcrop. 

The  correlation  of  the  coal  found  between  Ashland  and  Prentice 
in  Morgan  County,  as  shown  in  the  record  of  drilling  near  Prentice 
given  below,  is  uncertain. 

Drilling  near  Prentice,  Morgan  County 


Description  of  Strata 


Pennsylvanian  system — 

"Slate,"  rotten  black 

Coal 

Fire  clay 

Shale 

Coal .. 

Fire  clay 

Sandstone  and  shale 

Shale,  with  bands  of  ironstone 
"Slate,"  black  (fossiliferous).... 

Sandstone,  soft- 

Shale 

Limestone 

"Slate" 

Coal  (No.  2?) 

Fire  clay 


Thickness 

De 

Ft, 

in. 

ft. 

2 

6 

2 

••-> 

2 

2 

12 

4 

15 

1 

.... 

16 

.... 

2 

16 

1 

3 

16 

16 

7 

34 

56 

>•■* 

90 

3 

10 

93 

15 

>•  •■ 

108 

14 

■  •  •  • 

122 

1 

.... 

123 

2 

.... 

125 

2 

10 

128 

6 

.... 

134 

tn. 


6 

8 


2 
5 


10 
10 
10 
10 
10 
8 
8 


The  stratigraphic  succession  is  more  suggestive  of  strata  asso- 
ciated with  No.  2  than  with  any  other  coal,  but  such  a  correlation 
would  possibly  give  an  unusual  altitude  to  the  coal  at  this  place. 

No  analyses  of  the  coal  in  Cass  County  are  available. 


CHRISTIAN  COUNTY 

Only  the  northern  part  of  Christian  County  from  Edinburg  north- 
ward is  included  in  the  area  of  this  i<5port.  The  Greenwood  Coal  Com- 
pany at  this  place  mines  No.  5  coal.  This  is  the  farthest  south  that  this 
coal  is  worked  in  the  central  part  of  the  State. 

COAL-BEARING   RoCKS 

The  geology  of  Christian  County  has  been  adequately  discussed  in 
Illinois  Mining  Investigations  Bulletin  11,  Coal  Resources  of  District 
VII,  and  no  additional  data  can  be  added  relative  to  the  coal  in  the 
northern  part  of  the  county.  However,  the  following  paragraphs  may 
fitly  be  quoted  from  Bulletin  11: 

"The  coals  below  No.  6  are  lenticular  and  hence  less  easily  traceable. 
Moreover,  the  interval  between  the  beds,  especially  between  No.  5  and  No. 
6  coalSj  varies  considerably  in  short  distances,  thus  adding  to  the  difficulty 
of  correlation.  For  example,  the  interval  between  No.  6  coal  and  the  next 
lower  important  coal  varies  from  20  feet  in  the  vicinity  of  sec.  34,  T.  14 
N.,  R.  2  W.,  to  about  75  feet  in  sec.  13,  T.  13  N.,  R.  2  W.  The  lower  bed 
ranges  in  thickness  from  1  foot  to  5  feet  and  averages  3^  feet  in  eight 
diamond  drill  holes  in  the  townships  mentioned.  It  is  probable  that  it 
should  be  called  No.  5  coal  since  the  larger  interval  is  not  uncommon  in  the 
counties  south  of  Christian,  and  the  smaller  one  is  well  known  to  the  north 
as  in  the  mine  at  Mechanicsburg.  Even  at  Springfield  the  average  in- 
terval between  No.  5  and  No.  6  coals  is  but  39  feet.  This  bed  tends  to 
become  thicker  toward  the  north,  and  in  sees.  13,  22,  32  and  34,  T.  14  N., 
R.  2  W.,  No.  5  and  No.  6  coals  are  of  about  equal  importance.  In  a  ma- 
jority of  the  holes  the  roof  of  No.  5  coal  is  composed  of  a  few  feet  of  black 
shale  capped  by  a  thin  limestone,  this  succession  of  beds  being  the  normal 
one  in  the  SpriYigfield  district,  where  No.  5  coal  is  mined.  Near  Edinburg 
and  Sharps  the  cap-rock  is  absent. 

"*  *  *  Three  main  horizons  appear  to  exist  below  No.  5  coal.  Owing 
to  the  lenticular  nature  of  the  coal  it  is  not  believed  that  all  three  horizons 
contain  commercial  coals  throughout  the  county.  *  ♦  ♦  The  lenticular 
character  of  (these)  coal  beds  renders  predictions  unsafe,  but  the  existence 
of  coals  that  may  prove  to  be  commercial,  as  at  Assumption,  is  highly 
probable.  With  this  in  mind  it  seems  reasonable  to  suggest  'hat  *  *  * 
a  few  holes  should  be  continued  from  250  to  300  feet  below  No.  6  coal  in 
order  to  test  all  the  possibilities  of  the  area.''^ 


iKay,  Fred  H.    Coal  Resources  of  District  VII:   Illinois  Mining:  Investiga- 
tions Bull.   11.   pp.  80-81.  1915. 
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Introduction 

DeWitt  County  lies  across  the  trough  of  the  Illinois  coal  basin. 
It  is  the  only  county  in  District  IV  in  which  coal  has  never  been  mined, 
nor  is  coal  of  workable  thickness  definitely  known  to  underlie  it. 

SuRFiciAL  Deposits 

Special  attention  should  be  directed  to  the  excessive  thickness  of 
the  glacial  drift  which  so  effectively  covers  the  hard  rocks  in  DeWitt 
County  that  **Coal  Measures"  outcrops  are  unknown.  The  few  deep 
drillings  that  have  been  made,  records  of  which  are  reproduced  above, 
show  thicknesses  of  glacial  material  of  from  163  to  350  feet.  I*ev- 
erett^  states  that  the  average  thickness  of  the  drift  is  probably  more 
than  200  feet.  The  following  data,  compiled  from  Leverett's  report, 
will  give  some  idea  of  the  thickness  of  the  drift  at  various  places  in 
the  county. 

Thickness  of  the  drift  in  De  Witt  County 

Town  Depth  of  We 

Farmer  City    (city  well)    176 

Farmer  City    (coal  prospect) 

Parnell   200 

Clinton   (water  wells)    80-100 

Clinton    (coal  boring)    

Clinton    (coal  boring)    

Clinton  (Barnett's  gas  well,  8  miles 

west)     137 

Hallsville  (several  gas  wells) 117-127 

Kenney  291 

Waynesville  (city  wells) 150? 

Wapella  (water  wells 80-100 

Maroa  (Macon  County) ...  270 

The  lower  part  of  the  drift  commonly  contains  considerable  sand 
and  gravel,  and  some  loose  sand  or  quicksand,  which  are  water-bearing 
and  therefore  sources  of  difficulty  to  be  guarded  against  in  shaft  sink- 
ing. Furthermore,  buried  muck  and  peat  beds  and  associated  sands 
contain  inflammable  gas  derived  probably  from  the  muck,  and  such 
beds  would  also  probably  be  a  source  of  considerable  inconvenience 
and  risk  in  opening  mines. 


Depth  of 

Terminal  strata 

rock 

entered 

sand 

. .  • 

•  •   • 

189 

•   •   • 

sand  and  gravel 

•  •  « 

•  •  • 

•  •  • 

352 

•    •  • 

270 

sand 

sand 

sand  and  gravel 

•  •  •  • 
till  or  sand 

iLeverett,   Frank,   Illinois   Glacial   Lobe:   U.   S.  Geological   Survey   Mon.    38, 
p.    705,    1899. 
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Coal-bearing  Rocks 

As  has  been  said,  coal  of  workable  thickness  is  not  definitely 
known  to  underlie  DeWitt  County.  An  unsubstantiated  record  of  an 
old  boring  at  Farmer  City  reproduced  herewith  reports  4  feet  4  inches 
of  coal  at  564  feet  and  4  feet  9  inches  at  665  feet.  It  is  possible  that 
the  upper  of  these  coals  is  No.  7,  and  the  lower,  No.  5 ;  No.  6  being 
represented  by  a  9-inch  bed  at  606  feet.  If  the  suggested  correlations 
of  the  coal  are  correct,  it  is  possible  that  the  limestone  beds  between 
300  and  340  feet  represent  the  Carl  in  vi  lie  limestone. 

Record  of  drilling  at  Farmer  City,  T,  21  N,,  R  5  E.,  DeWitt  County 


Description  of  Strata 


Quaternary  system — 

Pleistocene  and  Recent — 

Soil 

Clay,  yellow 

Clay,  blue 

Quicksand 

Clay,  blue,  and  gravel 

Clay,  blue,  and  gravel 

Sand  and  gravel... 

Clay,  blue 

Sand  and  gravel 

Clay,  blue,  and  sand 

Sand  and  gravel 

Quicksand 

Clay,  blue 

Pennsylvanian  system — 
McLeansboro — 

Sandstone 

Sand  shale 

Shale,  red 

Shale,  blue 

Shale,  calcareous 

Shale,  blue 

Shale,  red 

Shale  with  limestone  seams. 

Sand  shale 

Shale,  black 

Coal 

Clay  shale 

Clay  shale 

Shale,  blue 

Limestone. 

Shale,  black 

Shale,  red  and  gray 


Thickness 


Ft. 


2 

9 

36 

2 

6 

15 

40 

6 

8 

40 

10 

13 

2 


4 

11 

2 

2 
1 
8 
2 

17 
3 
1 

39 
8 
4 
8 
2 
9 


tn. 


4 

8 


2 
6 


Ft. 


2 

11 

47 

49 

55 

70 

110 

116 

124 

164 

174 

187 

189 


193 
204 
206 
206 
209 
210 
218 
220 
237 
240 
241 
280 
288 
292 
300 
302 
311 


Depth 


in. 


2 
8 
8 
8 
8 
8 
8 
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Record  of  drilling  at  Farmer  City — Concluded 


Description  of  Strata 


Limestone 

Sand  shale 

Limestone 

Shale,  blue 

Sand  shale 

Shale  lime 

Shale,  red 

Shale,  red 

Sandstone 

Sandstone,  soft 

Shale,  red  and  gray- 
Sand  shale.- 

Shale,  blue 

Shale,  blue 

Coal 

Fire  clay 

Shale,  gray 

Sandstone 

Sand  shale 

Sandstone 

Shale,  blue 

Shale,  blue 

Shale,  black 

Shale,  gray 

Shale,  black 

Coal  (No.  7?) 

Fire  clay 

Sandstone 

Sand  shale._ 

Shale,  blue 

Shale,  gray 

Shale,  bituminous.... 
Carbondale — 

Coal  (No.  6f) 

Clay  shale 

Lime  shale 

Shale,  blue 

Sand  shale 

Sand  shale 

Shale,  blue 

Coal  (No.  5?) 

Shale,  blue 


Thickness 


Ft. 

2 

S 

4 

18 

10 

10 

5 

6 

16 

20 

7 

22 

46 

17 

1 

6 

10 

6 

7 

17 

7 

3 

1 

2 

1 

4 

3 

3 

6 

IS 

4 

6 


3 

6 
10 
10 

7 
22 

4 


tn. 


3 

7 
4 
9 


9 
3 


9 
9 
9 


Depth 


Ft. 

313 
318 
322 
340 
350 
360 
365 
371 
388 
408 
415 
437 
483 
501 
502 
508 
518 
524 
531 
548 
555 
558 
559 
561 
563 
567 
571 
574 
580 
595 
599 
605 

606 
609 
615 
625 
635 
642 
665 
669 
669 


tn. 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
2 
2 
8 
8 
8 
8 
8 
8 
8 
11 
11 
6 
10 
7 
7 
7 
7 
7 
7 

4 
7 
7 
7 
7 
7 
4 
1 
10 


Two  deep  drillings  for  oil  have  been  put  down  in  T. 
(Clinton  Township),  one  in  section  10  and  the  other 
Both  records  are  reproduced  herewith,  the  record  of  the 


20  N.,  R.  2.  E. 
in  section  32. 
well  in  section 
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10  being  copied  from  the  Geological  Survey  of  Illinois.  Vol.  8,  pages 
34  and  35. 

Record  of  drilling  in  sec.  10,  T,  BO  N ,  R.  2  E.  (Clinton  Toivnship) 

DeWitt  County 


Description  of  Strata 


Quaternary  system — 

Pleistocene  and  Recent — 

Surface  soil 

Quicksand 

Sand  with  gravel  and  boulders. 

Sand  and  clay  mixed 

Hardpan 

Gravel 

Hardpan 

Clay  and  sand 

Gravel  and  clay 

Hardpan 

Clay  and  sand 

Clay  and  gravel 

Qay.. 

Hardpan _.. 

Clay  and  gravel 

Quicksand... 

Sand  and  gravel 

Coarse  gravel 

Clay 

Gravelly  hardpan > 

Quicksand.. 

Sand  and  clay 

Gravel 

Sand 

Gravel 

Sand 

Quicksand  and  gravel 

Pennsylvanian  system — 

McLeansboro  and  Carbondale — 

Slate,  black.- 

Fire  clay 

Limestone  (Lonsdale?) 

Fire  clay 

Shale,  gray 

Shale,  red  and  gray.- 

Shale,  gray 

Sandstone 

Shale,  gray 

Shale,  dark 


Thickness 


Ft. 


5 

IS 

17 

53 

12 

1 

4 

4 

7 

3 

7 

14 

4 

6 

8 

5 

2 

2 

6 

25 

6 

7 

9 

11 

9 

9 

101 


1 
3 

19 
1 
1 

10 
2 

36 

32 
6 


tn. 


Depth 


Fl 


5 

20 
37 
90 
102 
103 
107 
111 
118 
121 
128 
142 
146 
152 
160 
165 
167 
169 
175 
200 
206 
213 
222 
233 
242 
251 
352 


353 
356 
375 
376 
377 
387 
389 
425 
457 
463 


tn. 
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Record  of  drilling  in  sec.  10,  T,  20  N ,  R,  2  iS;.— Concluded 


Description  of  Strata 


«( 


«< 


Shale,  gray 

Coal  (No.  7?) 

Coal  and  "slate" 

Fire  clay 

Limestone 

Sandstone 

Clay  shale,  gray.„ 

Sandstone 

Shale,  gray 

Slate,  black,  and  coal 

Limestone 

Sandstone 

Shale,  gray 

'Slate,"  black 

*Slate,"  black  and  coal 

Shale,  gray 

"Slate,"  black 

Coal  (Worthen's  No.  3) 

"Slate,"  black  and  trace  of  coal.... 

Clay  shale,  gray 

Coal  (No.  2?) 

Pottsville — 

"Slate,"  black  and  trace  of  coal... 

Shale,  gray 

Limestone,  hard  impure 

Sandstone,  hard 

Shale,  gray 

"Slate,"  black 

Sandstone 

Shale,  gray 

"Slate,"  black 

Shale,  gray 

Shale,  sandy 

Shale,  gray 

Limestone,  hard 

Sandstone,  hard 

Shale,  dark 

Shale,  gray 

Shale,  sandy 

Sandstone 

"Slate,"  black,  with  trace  of  coal. 

Shale,  gray 

Coal  (No.  V) 

Shale,  gray 

Sandstone  and  shale 


Thickness 


Ft, 

5 
2 

7 

22 

6 

11 

11 

8 

3 

7 

19 

10 

3 

4 

21 

3 

1 

2 

3 

1 

3 

16 
1 
3 
5 
8 

10 
3 
2 
8 
11 
9 
1 
2 
3 
3 
3 
6 
2 

82 
1 

10 
25 


in. 


9 
9 
3 


Depth 


Ft. 

468 
470 
471 
478 
500 
506 
517 
528 
536 
539 
546 
565 
575 
578 
582 
603 
606 
607 
609 
612 
613 

616 
632 
633 
636 
641 
649 
659 
662 
664 
672 
683 
692 
693 
695 
698 
701 
704 
710 
712 
792 
793 
803 
828 


tit. 


9 
6 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
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Record  of  C,  C.  Morris*  well  near  center  sec    S2,  T,  20  N.,  R.  2  E., 

DeWitt  County 


Description  of  Strata 

Thickness 

Depth 

Quaternary  system — 

Pleistocene  and  Recent — 

Soil 

Ft. 

5 
12 

2 
13 
78 
40 
20 
50 
45 

3 

8 

5 
24 

7 
12 
17 

7 
10 
19 

2 

4 
25 

6 
49 

3 

4 
57 

2 
33 
15 
90 

7 
80 
12 
18 

4 
16 

6 
19 
50 
71 

160 

40 

40 

3 

7 

in. 
8 

Ft. 

5 

17 
19 
32 
110 
150 
170 
220 
265 

268 
276 
281 
305 
312 
324 
341 
348 
358 
377 
■379 
383 
408 
414 
463 
466 
470 
527 
529 
562 
577 
667 
674 
754 
766 
784 
788 
804 
810 
829 
879 
950 

1110 
1150 
1190 
1193 
1200 

in. 
8 

Gravel 

Quicksand.- 

Clay  and  gravel,  mixed 

Clay  and  gravel,  mixed 

Clay  and  gravel,  mixed - 

Quicksand 

Hardpan 

Quicksand 

Pennsylvanian  system — 

Limestone  and  "slate" 

"Slate"  rock,  different  color 

Coal 

"Slate,"  changing  color 

Sand.-- 

"Slate,"  first  red  found 

Shell  and  "slate"...   . 

Limestone 

"Casey  oil-bearing  strata" 

"Slate" 

Limestone,  hard 

"Slate"  and  coal 

"Slate" 

Coal   (No.  7?) 

"Slate"  of  different  color 

Limestone 

Sand 

"Slate" 

Coal   (No.  5?) 

"Slate,"  change  color 

Sand  "slate" 

"Slate" 

Limestone 

"Slate" 

"Slate,"  sandy 

"Slate,"  black,  no  coal 

Sand,  limy ..  . 

"Slate" 

Sand  water 

"Slate" 

With  oil  scum 

"Slate" 

Mississippian  system — 

"Marble,  limy  looking" 

"Some  strange  formation" 

"Slate" 

Shell 

"Slate" 
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Worthen  states  that  the  drilling  in  section  10  was  made  with  the 
diamond  drill,  and  that  it  probably  penetrated  to  the  base  of  the 
"Coal  Measures."  He  tentatively  correlates  the  coal  at  468  feet  (2  feet 
9  inches)  with  the  upper  vein  (No.  7)  in  the  Bloomineton  shaft,  a 
record  of  which  is  given  in  the  McLean  County  chapter;  and  regards 
the  coals  at  715  and  721  as  possibly  equivalent  to  No.  2  or  No.  3.  the 
latter  coal  not  definitely  recognized  by  the  present  Survey,  and  the 
coal  at  903  as  No.  1.  These  correlations  seem  to  be  consistent  with  the 
data  assembled  since  the  publication  of  Worthen's  reports.  Accord- 
ingly, a  correlation  of  the  upper  coal  at  Clinton  at  468  with  the  upper 
coal  at  Farmer  City  at  575  seems  likely,  especially  as  it  is  consistent 
with  regional  dip  toward  the  trough  at  the  foot  of  the  west  slope  of 
the  La  Salle  anticline.  The  actual  difference  in  altitude  may  even  be 
slightly  more  than  is  indicated  by  the  difference  in  depth,  as  the  surface 
altitude  at  Farmer  City  is  less  than  at  Clinton.  It  is  possible  that  the 
limestone  at  a  depth  of  356  feet  at  Clinton  is  to  be  correlated  with  the 
Lonsdale.  If  so,  the  114- foot  interval  between  the  limestone  and  No. 
7  coal  is  only  25  to  30  feet  greater  than  the  usual  interval  to  the  north 
and  west. 

The  log  of  the  boring  southwest  of  Clinton  in  section  32  is  a 
churn-drill  record,  and  the  strata  noted  do  not  correspond  closely  with 
those  reported  to  have  been  encountered  in  the  drilling  north  of  Clinion. 
However,  the  record  is  of  interest  in  showing,  probably  accurately,  the 
depth  of  the  drift  and  the  thickness  of  the  Pennsylvanian ;  massive 
Mississippian  limestone  underlying  the  "Coal  Measures'*  is  entered  at 
950  feet,  about  50  feet  below  the  lower  coal  in  the  well  north  of 
Clinton.  Accordingly  it  is  probable  that  the  well  north  of  Clinton 
penetrated  or  nearly  penetrated  the  Pennsylvanian  strata  at  a  depth 
of  942  feet,  as  suggested  by  Worthen.  Correlations  of  the  coal  in  the 
well  in  section  32  at  410  feet  with  No.  7  coal,  and  that  at  527  feet  with 
No.  5  is  suggested. 

Structure 

DeWitt  County  lies  near  the  center  of  the  trough  of  the  Illinois 
coal  basin,  the  drilling  at  Farmer  City  possibly  being  approximately 
along  the  axis  of  the  trough.  It  is  believed  that  the  strata  dip  gently 
eastward  toward  this  trough,  possibly  at  the  rate  of  between  5  to  10 
feet  per  mile.  Data  are  insuflficient  to  show  whether  or  not  there  are 
important  departures  from  the  general  dip.  The  eastward  dip  is  also 
slightly  modified  by  a  still  gentler  southward  dip  of  probably  not  over 
5  feet  per  mile. 
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Coals 

Three  workable  coals,  No.  7,  No.  5,  and  No.  2,  possible  underlie 
DeWitt  County.  The  indications  are  that  all  the  coals  are  thinner  in 
the  central  part  of  the  county  in  the  vicinity  of  Clinton  than  to  the 
east  near  Farmer  City.  The  two  upper  coals  are  separated  by  100  feet 
of  strata  and  the  two  lower  coals  by  about  150  to  175  feet  of  strata, 
consisting  of  sandstone  and  shale  with  some  limestone.  These  intervals 
between  coals  No.  2,  No.  5,  and  No.  7  persist  directly  northward  mto 
La  Salle  County  and  District  I  west  of  the  La  Salle  anticline.  To  the 
northwest,  west,  and  southward  the  intervals  vary. 

Further  drilling  is  necessary  in  order  to  prove  the  presence  or  ab- 
sence of  considerable  areas  of  workable  coals  in  the  county  and  the 
character  of  the  roof  and  floor.  No.  7  is  reported  to  have  a  black 
shale  cover  at  both  Clinton  and  Farmer  City,  which  is  similar  to  con- 
ditions reported  at  Bloomington  and  farther  north  in  the  State.  Blue 
shale  is  reported  above  No.  5  coal  at  Farmer  City,  and  dark  shale  at 
Clinton.  The  coal  is  commonly  capped  by  black  shale  elsewhere  in 
the  State. 

It  is  possible  that  the  coal  resources  of  this  county  are  large,  but 
such  data  as  are  available  do  not  encourage  great  expectation  of  large 
discoveries.  Further  careful  prospecting  is  essential  to  a  correct  under- 
standing of  conditions. 


FULTON  COUNTY 

Production  and  Mines 

Production  in  tons,  year  ended  June  30,  1920 2,331»975 

Average  annual  production,  1916  to  1920 2,367,754 

Total  production,  1881  to  1920 47,178,407 

Fulton  County  ranked  twelfth  in  1920,  among  the  coal-producing 
counties,  the  output  in  that  fiscal  year  being  between  3  and  4  per  cent 
of  the  total  output  of  the  State. 

Table  6  lists  the  27  shipping  mines  operating  in  1920. 

Besides  the  shipping  mines  131  local  or  wagon  mines  also  operated 
in  1920  with  a  total  production  of  150,320  tons.  All  the  shipping 
mines  in  Fulton  County  with  one  exception  operate  No.  5  coal;  the 
Spoon  River  Colliery  Company,  located  at  Ellisville,  operates  No.  1 
or  Rock  Island  coal.  The  local  banks  operate  No.  1,  No.  2,  No.  5,  and 
No.  6  coals,  and  a  coal  possibly  correctly  called  No.  3. 

SuRFiciAL  Deposits 

The  thickness  of  glacial  drift  is  known  to  be  as  much  as  155  feet 
in  one  place,  but  the  average  of  293  wells  in  the  area  of  the  Canton 
and  Avon  quadrangles  is  only  38  feet.  The  drift  consists  of  glacial 
stony  clay  or  till  with  which  is  commonly  associated  one  or  two  beds 
of  gravel.  Above  those  a  mantle  of  yellow  loess  or  silt  5  to  20  feet 
thick  covers  much  of  the  upland  surface,  and  deposits  of  alluvium  lie 
in  the  valleys. 

It  has  been  determined  from  data  concerning  water  wells  between 
Put  and  Lost  Grove  creeks,  that  the  drift  is  thick,  so  that  the  outcrop 
of  No.  5  coal  lies  farther  east  than  is  the  case  south  of  Put  Creek,  and 
north  of  Lost  Grove  Creek.  The  position  of  this  outcrop  is  indicated 
on  the  map,  Plate  V.  This  is  the  only  pre-glacial  drainage  line  that 
has  yet  been  discovered  in  the  county  and  it  is  probably  the  only  one 
within  the  area  underlain  by  No.  5  coal. 

Coal-bearing  Rocks. 

The  general  succession  of  coal-bearing  rocks  in  Fulton  County  has 
been  indicated  to  some  extent  in  Part  I.  It  was  there  stated  that  be- 
cause of  special  field  examination  in  the  area  of  the  Avon  and  Canton 
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quadrangles,  which  includes  nearly  all  the  north  half  of  the  county, 
and  also  because  of  the  many  exposures  and  coal  prospects,  knowledge 
of  the  coal-bearing  rocks  in  this  county  is  more  definite  than  it  is  for 
the  other  counties  in  the  district.    However,  as  investigations  and  the 
commercial  mining  operations  are  restricted  to  the  northern  part  of  the 
county,  conditions  in  the  southern  part  can  be  less  thoroughly  de- 
scribed.    It  is  believed  that  the  southern  part  of  the  county,  a  large 
part  of  which  is  remote  from  a  railroad,  is  probably  not  underlain  by 
large  bodies  of  the  thicker  and  higher  No.  5  and  No.  6  coals,  but  that 
the  lower  coals  may  nevertheless  be  continuous.    It  is  not  improbable, 
however,  that  situated  near  the  hill  summits  there  are  rather  numerous 
small  bodies  of  the  thicker  coal  which  may  be  suitable  for  stripping 
operations  and  local  banks.    The  determinations  of  the  actual  amount 
of  such  coal  require  detailed  field  investigations  which  will  probably 
be  undertaken  a  little  later.    The  present  report  concerns  itself,  there- 
fore, chiefly  with  the  area  in  the  northeast  part  of  the  county  under- 
lain by  No.  5  coal.    The  area  to  the  west  beyond  the  outcrop  of  this 
coal  will  receive  more  detailed  description  in  the  proposed  report  on 
District  III  in  which  coals  No.  1  and  No.  2  in  the  western  part  of 
the  State  from  Rock  Island  to  Alton  will  receive  special  attention. 
Drill  records  show  that  the  base  of  the  coal -bearing  rocks  declines  east- 
ward, so  that  these  rocks  are  thickest  in  the  eastern  part  of  the  county. 
In  a  deep  well  at  Canton  465  feet  of  Pennsylvanian  and  overlying  gla- 
cial material  was  penetrated ;  on  the  other  hand,  in  the  western  part  of 
the  county  near  New  Philadelphia,  the  base  of  the  coal-bearing  rocks  is 
only  225  feet  below  the  surface. 

The  youngest  Pennsylvanian  stratum  exposed  in  the  area  is  the 
Lonsdale  limestone,  which  underlies  the  glacial  drift  in  a  small  area 
in  the  northeast  part  of  the  county  near  Farmington.  The  special  sig- 
nificance of  this  limestone  in  this  study  is  the  fact  that  its  character-' 
istic  interval  of  about  60  feet  above  No.  7  coal  furnishes  a  basis  for  the 
identification  of  this  coal  throughout  Districts  I  and  III.  The  lime- 
stone underlies  a  large  area  in  Peoria  County  where  it  has  been  quar- 
ried to  some  extent.  In  this  county  No.  7  coal  is  too  thin  to  be  of  com- 
mercial importance. 

No.  6  coal  is  found  outcropping  in  many  places  in  the  county 
between  the  outcrop  of  No.  5  coal  and  the  area  underlain  by  the  Lons- 
dale limestone.  It  underlies  an  area  of  35  to  40  square  miles  in  the 
northeast  part  of  the  county,  extending  south  from  the  north  line  to 
within  two  miles  of  Canton,  and  west  as  far  as  Fairview.     It  is  also 
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present  in  small  areas  northeast  of  Cuba.  The  approximate  outcrop  of 
this  coal  on  the  Canton  and  Avon  quadrangles,  as  determined  by  Sav- 
age, is  indicated  on  the  structure  map,  Plate  V.  Like  all  the  "Coal 
Measures"  strata,  it  dips  eastward  at  a  low  angle.  No.  6  (Herrin)  coal 
has  in  this  region,  as  elsewhere,  a  limestone  cap-rock  3j4  to  4  feet 
thick,  separated  from  the  coal  by  6  to  14  inches  of  bluish  to  dark  cal- 
careous shale.  The  cap-rock  contains  the  fossil  found  in  Illinois  only 
in  this  stratum,  namely,  Girtyina  ventricosa.  Savage  has  identified 
twenty-two  other  fossils  from  this  same  bed  in  this  county,  but  none 
has  the  value  of  Girtyina  ventricosa  in  identifying  the  limestone. 

The  strata  between  the  cap-rock  of  No.  6  coal  and  the  Lonsdale 
limestone  consist  largely  of  shale.  Savage  states  that  overlying  the 
cap-rock  of  the  Herrin  coal  there  is  usually  10  to  15  feet  of  shale,  fol- 
lowed by  a  few  feet  of  sandstone,  and  which  in  turn  is  overlain  by 
about  14  feet  of  gray  and  18  inches  of  blue  shale.  No.  7  coal  lies  33  to 
36  feet  above  No.  6  coal.  Above  No.  7  coal  is  about  40  feet  of  gray 
shale,  followed  by  10  to  12  feet  of  dark  shale  which  underlies  the  Lons- 
dale limestone.  It  is  of  some  interest  that  the  variegated  shales  near 
.  the  horizon  of  No.  7  coal  are  found  in  the  Peoria-Springfield  areas 
and  are  widespread  in  District  VII.  They  are  not  known,  however, 
in  all  districts. 

The  interval  between  No.  6  and  No.  5  coals  varies  somewhat 
in  the  county.  In  the  northeastern  part  where  the  main  body  of  the 
upper  coal  lies,  the  interval  is  normally  about  65  feet.  In  Putnam 
Township,  however,  in  the  vicinity  of  Cuba,  the  interval  decreases 
to  such  an  extent  that  locally  the  two  coals  are  thought  to  be  in  con- 
tact. They  have  been  seen  in  outcrop  within  7^^  feet  of  each  other, 
and  one  drilling  in  the  vicinity  of  Cuba  found  10  feet  of  coal.  It  is 
thought  that  this  unusual  thickness  is  probably  due  to  lack  of  inter- 
vening strata  between  the  two  coal  beds,  No.  6  lying  directly  upon 
No.  5. 

The  strata  between  No.  5  and  No.  6  consist  of  a  black  "slate" 
above  No.  5  coal,  2  to  6  inches,  above  which  is  9  to  20  inches  of  lime- 
stone cap-rock,  12  to  20  inches  of  soft  gray  shale  or  "clod,"  20  to  30 
feet  of  gray  shale,  a  variable  thickness  of  sandy  shale  and  sandstone, 
6  to  8  feet  of  yellowish  shale,  and  1  to  3  feet  of  the  undeiclay  of  No. 
6  coal.  Between  the  20-  to  30-foot  shale  member,  known  as  the  Can- 
ton shale,  and  the  sandy  stratum  overlying  it,  is  an  uneven  plane  of 
contact,  which  results  in  considerable  variation  in  the  thickness  of 
both  of  these  strata.  In  places,  especially  in  Putnam  Township,  the 
Canton  shale  member  is  entirely  out,  so  that  the  sandstone  rests  on  the 
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cap-rock  of  No.  5  coal  or  even  locally  upon  the  coal  itself.  Rarely 
all  the  strata  normally  occurring  between  the  Springfield  and  Herrin 
coals  are  wanting,  and  more  rarely  a  part  or  all  of  the  No.  5  coal  is 
absent. 

The  area  in  which  No.  5  and  No.  6  are  actually  in  contact  is  small ; 
and  it  is  only  in  a  small  area  lying  mainly  between  the  line  of  the 
Toledo,  Peoria,  and  Western  Railroad  and  Put  Creek,  in  the  north 
half  of  Putnam  Township,  that  the  nearness  of  No.  5  to  No.  6  is  espe- 
cially noteworthy. 

No.  5  coal  is  persistently  present  in  that  part  of  the  county  east 
of  its  line  of  outcrop.  Numerous  more  or  less  detached  areas  of  coal 
probably  exist  beneath  the  uplands  along  the  main  divides  even  south 
of  Spoon  River,  since  this  coal  has  been  mined  at  Astoria  and  in 
Schuyler  County  near  Rushville.  The  outcrop  of  the  coal  within  the 
Avon  and  Canton  quadrangles  is  shown  in  Plate  V. 

Savage  states  that  the  No.  5  coal  is  uniform  in  thickness  where 
it  is  found  within  the  quadrangle,  averaging  4  feet  8  inches  in  141 
well  records  and  43  measured  sections,  and  generally  departing  less 
than  6  inches  from  the  average.  In  the  eastern  and  northern  portions 
of  the  county,  where  the  usual  sequence  of  strata  overlies  this  coal, 
the  bed  is  commonly  cut  by  numerous  clay-filled  fissures  (clay  seams 
or  horsebacks),  such  as  are  characteristic  of  this  coal  in  Sangamon 
County  and  in  other  parts  of  the  State.  Where  sandstone  overlies  the 
coal  in  the  vicinity  of  Cuba,  no  clay  seams  have  developed.  No.  5 
coal  is  commonly  correlated  by  its  physical  characteristics,  especially 
the  presence  of  horsebacks,  and  by  the  physical  character  of  its  roof. 
The  black  fissile  shale  containing  ironstone  or  pyritic  concretions,  rang- 
ing from  3  to  4  inches  to  as  many  feet  in  diameter,  is  the  very 
characteristic  roof  of  the  bed,  a  similar  roof  not  being  associated  with 
the  other  coals.  The  clod  and  cap-rock  are  of  local  assistance  in 
identifying  the  coal,  but  have  not  the  State- wide  distribution  of  the 
black  "slate."  The  niggerheads,  clod,  and  cap-rock  are  all  fossiliferous, 
but  as  they  lack  definitely  identifying  forms,  do  not  have  the  same 
value  in  correlation  studies  as  the  type  fossil  of  the  cap-rock  of  No.  6 
coal.     However,  they  are  more  or  less  characteristic. 

Although  coals  below  No.  5  are  present  in  Fulton  County  within 
the  area  underlain  by  No.  5,  they  are  worked  only  in  areas  west  of  the 
outcrop  of  this  coal.  There  are  two  workable  coals  below  No.  5,  No. 
1  (Rock  Island)  coal  and  No.  2  (Colchester  or  La  Salle  "Third  Vein") 
coal.  No.  2  coal  has  been  worked  at  Avon ;  No.  1  is  mined  at  ElHsville 
and  has  been  worked  recently  at  Seville ;  at  local  banks  in  the  western 
and  southern  part  of  the  county  each  of  these  coals  is  being  worked. 
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Drilling  in  the  northeastern  part  of  the  county,  especially  in  Putnam 
and  Buckheart  townships,  indicates  the  probable  widespread  presence 
of  at  least  one  of  these  lower  coals. 

No.  2  (Colchester)  coal  lies  about  90  to  135  feet  below  No.  5,  the 
lesser  interval  being  found  in  the  Cuba  region,  and  the  greater  in  the 
northeast  part  of  the  county.  The  strata  between  No.  5  and  No.  2 
consist  mainly  of  shale  and  sandstone,  a  massive  sandstone  being  rather 
widespread  in  the  upper  third  of  the  section.  The  roof  of  No.  2  con- 
sists of  gray  shale  or  "soapstone"  9  to  14  feet  in  thickness  in  the 
northern  and  western  parts  of  the  county,  but  thicker  toward  the  south. 
It  is  followed  above  by  a  black  fissile  shale  3  to  6  feet  thick  with 
which  is  commonly  found  a  band  of  fossiliferous,  septarian,  nodular 
limestone  one-half  to  one  foot  thick.  Savage  states  that  this  is  an 
easily  recognized  succession  which  is  exposed  in  many  places  in  the 
western  part  of  the  county.  It  is  noteworthy  also  that  essentially  the 
same  succession  is  found  above  No.  2  coal  in  the  La  Salle  district  west 
of  the  La  Salle  anticline  and  in  much  of  District  III  to  the  west.  The 
coal  has  a  common  thickness  of  about  2  feet  6  inches,  but  varies  be- 
tween 2  and  3  feet. 

A  coal  believed  to  be  the  equivalent  of  the  coal  mined  in  Rock 
Island  County  and  known  as  No.  1  or  Rock  Island  coal,  lies  60  to  90 
feet  below  No.  2  coal,  the  interval  being  greatest  to  the  east.  The  area 
in  which  this  coal  is  best  developed  seems  to  lie  west  or  south  of  the 
outcrop  of  No.  5  coal.  The  few  drill  holes  to  the  base  of  the  Penn- 
sylvanian  rocks  east  of  the  outcrop  of  No.  5  show  coal  thick  enough 
to  be  of  commercial  value  only  at  the  horizon  of  the  Rock  Island  coal 
in  one  or  two  cores,  and  these  holes  are  located  along  the  outcrop  of  the 
No.  5  coal  in  Putnam  Township.  The  coal  attains  locally  a  thickness 
of  about  4 J/2  feet  in  the  vicinity  of  Cuba,  but  there  appears  to  be  no 
large  lx)dy  of  it  and  very  commonly  the  seam  is  separated  by  shale 
partings.  Where  it  is  worked  in  the  western  part  of  the  county  at 
Ellis ville,  it  is  3  to  S 3^2  feet  thick.  This  coal  seems  to  have  been  laid 
down  in  a  narrow  trough  or  basin  running  north  and  south  through  the 
western  part  of  the  State,  from  Brown  to  Rock  Island  County,  the 
eastern  edge  of  which  crossed  the  central  part  of  Fulton  County.  Its 
area  of  main  development  is  therefore  west  of  this  district  in  Dis- 
trict III. 

No.  1  coal  where  characteristically  developed  has  a  readily  recog- 
nizable bluish,  fossiliferous,  limestone  cap-rock  5  to  20  feet  thick, 
which  is  separated  from  the  coal  by  6  inches  to  3  feet  of  dark  shale. 
In  its  typical  development  this  cap-rock  seems  to  be  restricted  to  the 
same  area  as  No.  1  coal,  and  to  become  thinner  and  possibly  disap- 
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pear  entirely  toward  the  east.  The  few  drill  holes  in  eastern  Fulton 
County  that  penetrate  No.  1  coal  do  not  find  a  cap-rock  above  No.  1 
coal. 

No.  1  and  No.  2  coals  will  be  described  in  greater  detail  in  a  pro- 
posed later  bulletin  which  will  discuss  the  coal  resources  of  District  III. 

Coals  between  No.  1  and  No.  2  seem  to  be  somewhat  more  num- 
erous in  the  eastern  part  of  the  county  than  in  the  western.  Between 
No.  1  and  No.  2,  lying  20  to  30  feet  below  No.  2,  Savage  reports  a  thin 
coal,  18  inches  thick,  which  seems  to  be  fairly  persistent  as  it  is  found 
in  outcrop  in  the  western  and  central  parts  of  the  county  and  in  drilling 
in  the  eastern  part.  Whereas  this  is  the  only  persistent  coal  known  in 
the  section  in  the  western  part  of  the  county  where  strata  outcrop, 
drilling  in  the  vicinity  of  Cuba,  St.  David,  and  Dunfermline  reveals 
the  presence  of  one  or  two  other  coals  between  No.  2  and  No.  1.  In  the 
Cuba  region  the  interval  between  No.  2  and  No.  1  coals  is  about  80 
feet.  The  following  record  of  a  hole  drilled  between  Fiatt  and  Cuba 
is  typical  of  the  succession  in  that  part  of  the  county. 

Record  of  drilling  between  Fiatt  and  Cuba     See  Plate  II,  No.  1 
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Record  of  drilling  between  Fiatt  and  Cuba — Concluded 
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The  lower  coal  with  the  dark  limestone  cap-rock  is  without  ques- 
tion No.  1.  In  the  Cuba  region  rather  systematic  testing  of  this  coal  in 
certain  areas  reveals  large  variations  in  thickness  and  character.  Its 
commercial  value,  therefore,  for  the  present,  at  least,  is  small.  The 
limestone  cap-rock  is  commonly  about  10  feet  in  thickness  but  in 
places  is  absent  and  in  other  places  as  thick  as  20  feet.  The  coal  over- 
lying the  cap-rock  or  but  a  short  distance  above  it,  is  lenticular.  In  a 
few  holes  it  has  a  thickness  of  about  4  feet,  but  commonly  is  less  than 
a  foot  thick,  and  so  interbedded  with  shale  that  it  has  no  value.  It  is 
not  known  just  how  persistent  this  bed  is  in  the  southern  part  of  the 
county.  It  is  possible  that  outcrops  of  this  bed  in  the  vicinity  of  Lewis- 
ton  were  confused  with  No.  2  coal  by  Worthen,  resulting  in  the  mis- 
interpretation of  the  section  that  appears  in  his  discussion  of  the 
geolc^^  of  Fulton  County  in  Volume  IV  of  the  Geological  Survey  of 
Illinois. 

The  two  other  coals  that  are  fairly  continuous  in  the  section,  one 
12  to  20  or  25  feet  below  No.  2  coal,  and  the  other  about  30  feet  lower, 
are  generally  thin.  In  some  holes,  however,  the  upper  of  the  two  is 
reported  2  feet  or  more  thick,  but  it  is  more  commonly  found  a  foot  or 
less  in  thickness.  It  is  quite  possible  that  this  coal  outcropping  near 
Lewiston  was  the  one  which  was  confused  with  No.  2  coal  instead  of 
the  lower  coal  as  described  in  the  preceding  paragraph. 

Aside  from  the  limestone  and  coals  noted  above,  the  strata  between 
No.  1  and  No.  2  coals  are  mainly  shale,  with  a  sandstone  3  to  8  feet 
thick  rather  persistent  17  to  25  feet  below  No.  2. 

Structure 

Geologic  structure  of  the  whole  of  Fulton  County  has  not  been 
determined.    A  report  on  the  structure  based  on  the  altitude  of  No.  2 
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coal  in  the  Avon  and  Canton  quadrangles  appears  Jn  Bulletin  33/  and 
Plate  V  is  a  reduction  of  the  maps  in  that  report. 

Concerning  the  structures  of  the  Canton  and  Avon  quadrangles, 
Savage*  states: 

"In  the  Colmar  region  farther  west,  the  oil  is  found  in  the  upper 
part  of  a  dome,  and  in  a  terrace  on  its  side.  Even  on  this  favorable 
structure,  the  sand  is  present  only  in  limited  areas.  Consequently,  any 
recommendations  for  test  borings  for  oil  in  the  Avon  and  Canton  area, 
based  on  the  usual  structure  features,  must  be  recognized  as  carrying 
an  unusual  amount  ot  uncertainty.  However,  since  it  is  not  possible 
to  tell  before  borings  are  made  whether  the  Hoing  sand  is  present  or  to 
what  extent  it  is  saturated  with  water  in  any  particular  locality,  if  test 
borings  are  to  be  made,  it  would  seem  wise  to  proceed  first  on  the 
usual  assumption  that  the  rocks  will  be  thoroughly  saturated  with 
water,  and  to  test  first  the  places  where  the  structure  is  favorable,  as 
the  highest  parts  of  the  anticlines  and  domes. 

"From  the  structure  maps  [Plate  V]  it  will  be  seen  that  a  broad 
dome  is  present  northwest  of  Fairview,  the  highest  point  of  which  is 
in  the  NE.  Ya  sec.  29,  and  the  SE.  >isec.  20,  T.  8  N.,  R.  3  E.  South- 
west of  Farmington  in  sees.  10  and  11,  T.  8  N.,  R.  4  E.,  there  is  a  low 
arch  in  which  the  beds  are  somewhat  higher  than  to  the  north  or  south. 

"From  Fiatt  a  low  arch  extends  toward  the  southeast  corner  of 
the  Canton  quadrangle.  The  axis  passes  about  one-half  mile  north  of 
Jones  School,  SW.  cor.  sec.  27,  T.  7  N.,  R.  3  E.,  and  has  been  traced 
southeast  to  the  center  of  sec.  10,  T.  6  N.,  R.  4  E. 

"In  the  northwest  quarter  of  the  Avon  quadrangle  [Plate  V],  a 
low  anticline  is  present  in  the  SE.  %  sec.  14,  T.  8  N.,  R.  1  W.  The 
beds  here  are  somewhat  higher  than  to  the  west,  south,  ana  east ;  but 
no  outcrops  are  available  toward  the  north,  and  the  dip  in  that  direction 
is  uncertain.  One  mile  north  of  Babylon  in  sees.  11  and  the  western 
part  of  12,  T.  7  N.,  R.  1  E.,  the  beds  are  higher  than  in  any  other 
direction  except  northwest." 

The  foregoing  interpretation  of  the  structure  in  the  Canton  and 
Avon  quadrangles  was  designed  to  meet  inquiries  concerning  the  pos- 
sible existence  of  structure  favoring  oil  and  gas  accumulation  in  the 
area.  In  general  such  gentle  structure  does  not  affect  the  value  of 
the  coal,  although  knowledge  of  the  structure  is  of  some  importance  in 
laying  out  mines  in  order  to  take  advantage  of  the  natural  slopes  for 
drainage  or  haulage.  However,  where  regional  structure  is  as  gentle 
as  it  is  here,  local  variation  in  the  level  of  the  coal  may  largely  offset 
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regional  dip,  and  hence  it  becomes  a  distinctly  local  engineering  prob- 
lem to  determine  the  structure  or  dip  of  the  coal  within  each  property 
to  be  developed.  The  present  maps  are  of  value  in  determining  the 
general  lay  or  dip  of  the  bed  and  approximate  depth,  but  should  be 
used  guardedly  as  a  basis  for  laying  out  mining  operations. 

On  Plate  V  is  included  a  structure  map,  which  constitutes  an  ap- 
pendix to  Savage's  maps  and  shows  the  "lay"  of  the  No.  5  seam  in  a 
strip  south  of  the  Canton  quadrangle,  based  on  detailed  drilling  and 
elevation  of  the  surface,  as  determined  by  the  company.  In  publishing 
the  map  the  Survey  does  not  assume  the  responsibility  for  the  ac- 
curacy of  these  determinations  which  in  all  cases  do  not  seem  to  check 
closely  with  the  topography  on  the  Canton  sheet.  However,  the  map 
is  valuable,  especially  as  it  illustrates  the  slight  irregularities  that  af- 
fect the  coal  and  shows  how  the  eastward  dip  is  in  places  eliminated  or 
even  reversed,  and  hence  illustrates  the  importance  of  detailed  drilling 
in  the  accurate  determination  of  the  structure  prior  to  laying  out  prop- 
erties for  mining. 

Minor  irregularities  in  the  coal  beds  encountered  in  mines  will  b 
discussed  in  later  paragraphs. 

MiNABLE  Coals  of  Eastern  FuIvTOn  County 

The  coals  of  Fulton  County  known  to  have  present  economic  value 
— that  is,  those  that  can  be  profitably  worked  at  this  time — are  Nos. 
6,  5,  2,  and  1.  Possibly  a  coal  lying  between  Nos.  1  and  2  may  also 
be  workable  locally.    These  coals  will  be  described  in  the  order  given. 

NO.  6  COAL 
DISTRIBUTION  AND  OCCURRENCE 

No.  6  (Herrin  or  "blue  band")  coal  is  present  over  about  35  to  40 
square  miles  in  the  northeast  part  of  the  county,  north  of  Canton,  over 
a  much  smaller  area  north  of  Cuba.  Other  small  areas  not  improbably 
exist,  though  they  are  not  definitely  known  to  be  present.  The  out- 
crop of  the  coal  on  the  Canton  quadrangle  is  shown  in  the  map, 
Plate  V.  The  area  underlain  by  coal  has  not  been  entirely  delineated 
near  Cuba.  Savage  states  that  the  coal  lies  so  near  the  surface,  usually 
from  a  few  to  50  feet,  that  its  quality  has  been  injured  by  the  action  of 
ground  water  so  that  even  where  it  is  present  the  shafts  of  the  com- 
mercial mines  are  put  down  through  this  coal  to  the  No.  5  (Springfield) 
bed  which  is  normally  about  65  feet  lower. 

CHARACTER  OF  NO.  6  COAL 

No.  6  coal  in  Fulton  County  is  not  regarded  with  as  much  favor 
as  is  No.  5  coal.     It  is  not  always  possible  to  tell  from  a  physical 
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examination  of  a  coal  bed  why  the  coal  is  regarded  as  better  or  less 
satisfactory  than  the  coal  of  an  adjacent  bed,  as  the  differences  are 
not  entirely  physical.  The  relative  acceptability  of  different  coals  rests 
largely  on  the  following  factors:  (I)  The  amount  of  ash;  (2)  the 
amount  of  volatile  hydrocarbons;  (3)  the  clinkering  character  of  the 
ash,  which  is  probably  the  same  as  the  fusibility  of  the  ash ;  (4)  the 
hardness  of  the  coal,  or  its  ability  to  withstand  handling;  and  (5) 
the  heat  value.  For  a  certain  class  of  users  knowledge  of  the  coking 
quality  of  the  coal  is  also  important.  As  the  coal  lies  in  the  bed  it  is 
not  possible  to  determine  the  relative  value  of  the  coal  with  respect 
to  any  of  the  above  factors  unless  it  be  the  amount  of  ash,  and  so  it 
is  only  as  a  result  of  experience  that  judgment  can  be  passed  upon 
the  acceptability  of  a  coal. 

In  general  judgment  is  made  on  the  basis  of  results  attained  by 
the  haphazard  methods  of  firing  in  most  steam  plants  and  practically 
all  domestic  heaters.  Since  the  fact  that  popular  and  careless  methods 
may  not  be  adapted  to  a  coal  in  question  commonly  does  not  enter  int<t 
the  popular  judgment,  it  is  quite  possible  that  with  better  practices  in 
firing  and  improvements  in  heating  systems  coal  at  present  less  de- 
sirable would  eventually  come  into  more  popujar  favor.  It  is  also 
true  that  improvements  in  mining  practice  particularly  in  the  method  of 
handling  the  coal  at  the  face,  and  at  the  tipple,  may  largely  reduce  the 
differences  that  exist  among  coals,  especially  as  concerns  the  ash  con- 
tent. 

The  reasons  for  popular  judgment  against  No.  6  coal  and  pref- 
erence for  No.  5  are  not  fully  tangible.  The  general  opinion  is  that 
this  coal  is  dirtier;  that  it  contains  more  shale  bone,  blackjack,  and 
pyrite  than  No.  5;  and  that  it  is  smokier,  higher  in  volatile  hydrocar- 
bons, and  probably  somewhat  softer,  than  the  lower  bed.  Some  of 
the  prejudice  against  the  upper  coal  arises  from  the  fact  that  it  lies 
relatively  near  the  surface  and  is  thought  to  have  suffered  somewhat 
from  weathering.  A  considerable  quantity  is  probably  "outcrop"  coal, 
which  is  usually  soft  and  contains  much  infiltered  clay.  Outcrops 
of  No.  6  west  of  Farmington  are  usually  very  poor,  especially  where 
the  bed  lies  near  the  prairie  surface,  and  the  coal  has  a  reputation  of 
being  generally  unsuitable  to  mine.  East  of  the  line  of  the  Chicago, 
Burlington  and  Quincy  Railroad,  between  Farmington  and  Canton, 
however,  along  Copperas  Creek,  the  cover  is  solid  and  the  coal  little 
affected  by  weathering,  except  for  a  few  feet  immediately  along  the 
outcrop.  Failure  to  develop  this  coal  in  the  shafts  between  Canton 
and  Farmington  is  by  some  laid  to  the  supposed  ill  effects  of  weather- 
ing, in  spite  of  the  fact  that  it  is  50  to  60  feet  down.    It  is  possible. 
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however,  that  the  coal  was- affected  somewhat  by  pre-glacial  weather- 
ing, as  the  pre-glacial  surface  was  much  nearer  the  coal  than  is  the 
present  surface. 

Where  the  coal  has  been  observed  in  adjacent  parts  of  Peoria 
County  the  only  physical  characteristic  of  the  bed  which  suggests  that 
it  might  have  a  value  somewhat  inferior  to  that  of  No.  5  is  the  ralher 
high  ash  content,  which  is  indicated  by  the  presence  of  numerous 
sulphur  balls  and  by  the  existence  of  a  continuous  blue  band.  Other- 
wise the  coal  does  not  appear  notably  different  from  No.  5  coal.  It 
might  justly  be  argued  that  the  horsebacks  of  No.  5  coal  represent 
a  much  more  important  source  of  impurities  in  that  coal  than  do  the 
sulphur  balls  and  blue  band  in  No.  6,  so  that  the  prejudice  against  No. 
6  coal  is  probably  based  upon  qualities  not  physically  displayed  in  out- 
crop and  at  the  face  in  mines. 

Analyses  and  tests  show  very  little  difference  between  No.  5  and 
No.  6  coals  in  western  Illinois,  but  whatever  difference  exists  is  to  the 
advantage  of  the  lower  coal.  The  No.  6  coal  averages  about  4  per 
cent  higher  in  volatile  matter  on  the  moisture-free  basis,  and  possibly 
2  to  4  per  cent  higher  in  moisture.  Both  coals,  however,  are  relatively 
high  in  moisture,  varying  between  13  and  18  per  cent,  so  that  probably 
the  difference  in  moisture  content  is  of  little  consequence,  and  the 
difference  in  volatile  content  likewise  hardly  warrants  favoring  one 
coal  more  than  the  other  on  this  score.  It  is  possible,  however,  the 
higher  coal  yields  its  volatile  matter  at  a  lower  temperature  and  hence 
is  less  desirable  for  general  use.  There  is,  however,  no  scientific 
basis  for  believing  that  a  difference  in  the  character  of  the  volatile 
matter  exists.  Similarly  also,  whereas  the  ash  of  No.  6  coal  may  be 
considerably  less  refractory  and  hence  harder  to  handle  than  the  ash  of 
No.  5  coal,  this  has  not  been  scientifically  established,  and  may  or  may 
not  be  a  sound  basis  of  difference.  So  much  of  the  success  in  handling 
depends  upon  the  adaptability  of  the  furnace  to  the  coal  being  used, 
upon  the  skill  and  experience  of  the  fireman,  and  upon  the  method  of 
firing  that  it  is  always  a  question  until  the  matter  has  been  authorita- 
tively established,  how  much  basis  there  is  for  popular  discriminations 
as  between  different  coals. 

Physically  No.  6  coal  has  the  usual  characteristics  of  the  Illinois 
coals;  namely,  it  is  banded  or  laminated  with  alternations  of  dull  and 
bright  coal  and  occasional  mother  coal  streaks.  As  a  special  char- 
acteristic of  No.  6  coal,  there  exists  a  clay  or  **blue  band"  about  a 
foot  to  15  inches  above  the  base  of  the  bed.  This  is  about  1  to  IJ^ 
inches  thick  and  very  persistent.  Generally  the  coal  is  subdivided  into 
thi^ee  benches,  the  topmost  of  which  is  12  to  15  inches.    Between  the 
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top  and  middle  bench  is  generally  a  mother  coal  parting.  Conimonly 
the  coal  has  a  dark  shale  roof  that  is  hard  to  hold,  for  it  generally 
falls  up  to  the  cap-rock,  a  distance  of  three  feet  or  less,  shortly  after 
the  coal  is  removed.  The  cap-rock  is  a  3-  to  5-foot  limestone,  generally 
solid.  The  underclay  is  hard  and  1  to  3  feet  thick.  The  expense  of 
moving  the  roof  shale  is  a  handicap  against  the  profitable  mining  of 
this  coal,  although  in  general  roof  and  floor  conditions  are  not  dis- 
tinctly unfavorable. 

NO.    5    COAI. 

The  No.  5  or  Springfield  bed  is  the  chief  source  of  coal  in  the 
shipping  mines  in  Fulton  County.  Except  for  a  few  local  mines 
where  No.  6  is  worked,  it  is  the  only  source  of  coal  east  of  the  Nn, 
5  outcrop. 

The  general  physical  characteristics  of  No.  5  coal  in  Fulton  County 
are  similar  to  those  elsewhere  in  the  district,  namely,  regularity  in 


Fig.  5. — Diagrammatic  sketch  showing  the  relations  of  horsebacks  to  rolls 
in  the  roof  and  floor,  and  the  accompanying  faulting. 

thickness,  common  occurrence  of  clay  slips  or  horbcbacks,  and  a  per- 
sistent black  "slate"  roof.  Like  all  Illinois  coals.  No.  5  is  well  laminated 
or  banded  in  structure,  and  contains  lenses,  streaks,  or  partings  of 
mother  coal,  and  occasional  masses  of  bone  coal.  Balls  and  lenses 
of  brassy  pyrite  occur  in  greater  or  less  fequency,  and  not  um^om- 
monly  the  coal  is  "frozen"  to  the  roof  by  a  lens  or  layer  of  pyrite. 
The  amount  of  pyrite  varies  considerably  from  mine  to  mine. 

No  physical  characteristics  peculiar  to  No.  5  coal  in  Fulton 
County  distinguish  it  from  the  same  coal  elsewhere  in  the  State.  As 
in  other  parts  of  the  district  there  is  considerable  irregularity  in  the 
distribution  of  the  horsebacks,  sulphur  balls,  and  other  features  that 
detract  from  the  value  of  the  coal  in  the  bed.  A  few  mines  in  the 
county  are  so  fortunately  located  as  to  be  working  a  block  of  coal 
relatively  free  from  impurities.     Indeed,  one  mine  reported  that  anv 


payment  to  the  miners  for  horsebacks,  rolls,  or  boulders  was  the  excep- 
tion rather  than  the  rule.  In  many  other  mines  the  extra  pay  for 
such  irregularities  is  a  serious  item  of  expense.  Necessarily  this 
means  a  great  difference  in  the  profits  for  the  various  mines  in  the 
county.  In  1917  the  payment  for  horsebacks  amounted  to  $2.84  for 
each  horseback  having  an  average  thickness  of  2  to  6  inches  in  the 
middle  of  the  bed  and  19  cents  for  each  additional  inch.  In  some  mines 
the  horsebacks  are  found  as  commonly  as  12  to  15  feet ;  in  other  mines 
they  are  very  unusual.  No  good  reason  has  been  arrived  at  for  the 
erratic  distribution  of  the  horsebacks. 

The  horsebacks  are  usually  accompanied  by  "rolls"  in  the  roof  and 
floor,  which  also  must  be  paid  for  when  removed.  Those  in  the  floor 
are  usually  removed,  as  they  are  thought  to  interfere  with  efficient 
shooting  when  left.  Their  removal  is  necessary  to  permit  machine- 
mining.     These  rolls  are  apparently  of  two  kinds :   ( 1 )   In  most  io- 


FlG.  6. — Limestone  "boulder"  in  the  floor  of  the  Monmouth  Coal  Company's 
mine  at  Brereton. 

stances,  as  in  figure  5,  faulting  as  well  as  fracturing  has  taken  place 
at  the  horsebacks,  and  the  coal,  roof,  and  floor,  has  been  offset  from  a 
few  inches  to  as  much  as  18  to  24  inches  in  places.  The  upthrow 
side  of  the  fault  in  the  floor  is  called  a  roll  in  the  floor,  and  the  down- 
throw side  of  the  fault  in  the  roof  is  called  a  roll  in  the  roof.  In  the 
case  of  low  angle  faulting  the  upthrow  side  of  the  floor  is  directly 
under  the  downthrow  side  of  the  roof,  thereby  reducing  the  apparent 
thickness  of  the  coal  in  some  places  to  3  feet  or  less.  In  such  in- 
stances the  roof  must  be  heightened  to  make  head-room  for  the  mules. 
(2)  Rolls  also  may  occur  beneath  horsebacks  where  the  coal  has  not 
been  faulted.  They  are  commonly  found  under  rather  wide  horse- 
backs and  appear  to  be  simply  a  bulge  of  the  fire  clay  into  the  crack 
to  a  height  of  6  to  12  inches.  Rolls  of  the  latter  variety  are  usually 
small.    Rolls  are  paid  for  by  the  inch  per  running  yard. 
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An  additional  source  of  extra  expense  in  some  mines  in  the  county 
consists  of  the  floor  "boulders"  (fig.  6),  which  protrude  from  the 
fire  clay  into  the  bottom  of  the  coal  for  a  maximum  distance  of  about 

3  feet.  They  are  commonly  less  than  2  feet  in  height  in  the  coal,  but 
may  be  nearly  3  feet  thick,  as  has  been  stated,  and  extend  laterally 

4  to  5  feet.  In  1917  the  cost  of  their  removal  ran  from  $2.84  for  those 
18  to  24  inches  high,  down  to  $1.42  for  those  6  to  12  inches  high. 
No  scale  for  large  ones  has  been  established,  as  they  are  uncommon. 
The  boulders  are  masses  of  rather  waxy-looking,  silicified  rock,  part 
of  a  brownish  color  and  part  black.  Both  kinds  seem  to  represent 
the  silicification  of  woody  material.  These  brownish  parts  show  very 
distinct  wood  structure,  and  appear  to  be  simply  petrified.  Material 
of  the  same  character  may  be  calcareous  rather  than  siliceous.  The 
black  material,  on  the  other  hand,  seems  to  represent  silicified  peat,  or 
something  of  that  nature,  in  which  the  unchanged  carbon  remains  as 
a  residue,  making  the  rock  black.  The  material  has  the  appearance 
of  a  very  carbonaceous  quartzite.  Such  siliceous  boulders  are  of 
course  very  hard  and  rather  difficult  to  remove. 

Some  comment  should  be  made  upon  the  occurrence  of  the  "spar" 
horsebacks  that  are  found  in  this  bed.  These  are  as  troublesome  if  not 
more  troublesome  than  the  clay  slips,  because  they  are  harder  along 
the  immediate  position  of  the  fracture  and  the  coal  on  each  side  of 
the  fracture  commonly  contains  a  wider  impregnation  of  pyrite.  They 
consist  merely  of  veins  of  pyrite  in  more  or  less  vertical  fractures, 
entirely  resembling  the  horseback  fractures  except  that  they  are  not 
as  wide  and  apparently  do  not  extend  to  as  great  a  distance  vertically 
through  the  overlying  rock.  Rarely  is  the  coal  bed  offset  along  such 
spar  horsebacks. 

The  semi-monthly  adjustment  for  horsebacks,  rolls,  and  boulders 
is  an  ever-present  source  of  bickerings  and  misunderstandings  between 
miners  and  foremen,  because  of  the  difficulty  in  the  interpretation  of 
the  rules  of  the  agreement.  It  is  exceedingly  difficult  to  ascertain  a 
fair  average  value  for  the  thickness  of  a  horseback  or  to  accurately 
measure  the  size  of  a  roll,  especially  as  the  adjustment  is  usually  made 
after  the  roll  and  horseback  has  been  removed  from  the  room  or  entry 
and  the  measurement  is  made  on  the  cross-section  appearing  on  the 
rib.  A  more  satisfactory  adjustment  of  this  labor  problem  will  obviate 
much  of  the  difficulty  in  mining  the  coal. 

Where  the  coal  is  undisturbed  by  irregularities,  conditions  are 
relatively  favorable  for  mining.  The  underclay  is  hard  and  generally 
thin  and  does  not  creep  readily,  so  that  it  rarely  causes  trouble  be- 
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cause  of  squeezes.  The  overlying  black  shale  is  usually  hard  and 
stands  well  without  much  timbering  after  the  removal  of  the  coal. 
Certain  difficulties  are  encountered,  however.  The  niggerheads  in  the 
shale,  which  are  occasionally  large  enough  to  interfere  with  operation 
if  left  up  in  a  roadway,  are  heavy  and  rather  difficult  to  handle. 
Occasionally  one  of  those  left  in  the  roof  will  loosen  and  fall.  There- 
fore, to  some  extent  they  are  a  source  of  possible  injury  to  miner  or 
mule.  In  some  of  the  mines  near  Farmington  the  lower  2  to  3  inches 
of  the  "slate"  called  "draw  slate"  separates  from  the  main  body  of  the 
"slate"  at  what  is  known  as  a  "false  parting"  as  the  coal  is  removed. 
When  this  happens  the  coal  is  usually  "frozen"  to  the  "draw  slate," 
so  that  in  discarding  the  "slate"  considerable  coal,  frequently  as  much 
as  6  to  8  inches,  is  thrown  into  the  gob.  The  "freezing"  of  coal  and 
"draw  slate"  is  apparently  due  to  a  layer  of  pyrite  or  pyritized  lime- 
stone in  the  top  of  the  coal,  the  presence  of  which  makes  it  very  dif- 
ficult to  separate  the  coal  from  the  shale.  In  one  mine  where  this 
"draw  slate"  exists  it  is  reported  that  its  removal  is  not  desired,  as  the 
overlying  shale  is  rather  difficult  to  hold.  A  more  desirable  condition 
is  to  have  the  coal  break  away  from  the  roof  just  below  the  top  of  the 
seam,  leaving  the  sulphur  streak  in  the  roof. 

In  the  mines  south  of  Canton  and  more  or  less  throughout  the 
county,  the  most  serious  difficulty  arises  from  the  tendency  of  the 
"draw  slate"  to  come  away  with  the  coal.  As  long  as  this  lower  layer 
of  the  shale  stays  up  and  the  air  is  kept  away  from  the  overlying  shale, 
the  roof  will  remain  solid,  but  once  it  falls  the  conditions  are  almost 
immediately  bad,  the  shale  and  overlying  clod  falling  up  to  the  cap- 
rock.  In  places  even  the  cap-rock  lacks  coherence  to  withstand  the 
strain  put  upon  it  when  the  "slate"  falls  and  the  resulting  holes  in  the 
roof  of  the  mine  are  expensive  to  handle. 

In  one  or  two  mines  west  of  Farmington,  a  fairly  persistent  thin 
"mud  seam"  occupies  a  position  in  the  bed  about  8  inches  below  the 
top.  It  was  reported  that  in  one  mine  there  were  several  rooms  in 
which  the  coal  had  been  shot  off  below  this  mud  seam.  It  was  stated 
that  unless  the  miner  exercises  care  in  placing  his  holes  so  that  they 
end  above  this  mud  seam,  the  coal  tends  to  break  below  it.    A  similar 

< 

mud  seam  lies  about  18  inches  from  the  floor  in  this  same  mine,  and 
similar  care  must  be  taken  that  the  powder  holes  be  driven  below  the 
band  to  insure  complete  removal  of  the  bed.  These  bands  are  not  per- 
sistent but  are  very  common. 

In  some  of  the  mines  southwest  of  Canton  lying  in  the  bottom  of 
the  coal  is  a  band  of  blackjack,  1  to  3  inches  thick,  which  shoots  up 
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with  the  coal  and  must  all  be  handled  and  thrown  into  the  gob.  As 
separation  from  the  coal  is  not  clean,  considerable  coal  is  in  this  way 
wasted.  The  blackjack  consists  of  soft  carbonaceous  shale  and  coal 
containing  lenses  of  pyrite  up  to  about  1  inch  in  thickness  and  making 
up  about  one-fourth  of  the  mass. 

MINE  NOTES,   NO.   5  COAL 
ALDEN  COAL  COMPANY'S  MINE  NO.  5,  AT  FARMINGTON 

Entrance:     Shaft;  depth  to  No.  5  coal,  185  feet. 

Thickness  of  coal:     Varies  from  3  feet  9  inches  to  4  feet  2  inches; 
averages  4  feet. 

Section  of  the  coal: 
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Character  of  the  coal:  The  coal  is  comparatively  clean  as  compared 
with  the  same  bed  in  Peoria  County.  The  horsebacks  are  fairly  numerous 
but  rather  narrow,  commonly  not  over  4  inches  through.  About  as  com- 
mon as  the  clay  slips  are  the  "spar"  horsebacks  which  are  hard  and  con- 
tain crystalline  pyrite  that  fills  the  crack  and  ramifies  into  the  coal  for 
several  inches  on  each  side,  producing  a  belt  of  hard  coal  often  nearly 
8  inches  to  a  foot  wide,  through  the  center  of  which  runs  the  vertical 
irregular  fissure.  "Facings"  of  pyrite  in  the  joint  cracks  of  the  coal  are 
not  uncommon.  Gypsum  or  pyrite  facings  are  not  common.  Clay  and 
mother-coal  streaks  are  rarely  more  than  half  an  inch  thick  and  are  neither 
continuous,  nor  especially  numerous. 

Pyrite  in  balls  or  niggerheads  is  not  uncommon.  This  is  pure  shiny 
pyrite  apparently  of  good  quality,  averaging  probably  at  least  45  per  cent 
sulphur  for  the  hand-cleaned  specimen.  The  masses  of  pyrite  are  said  to 
attain  a  thickness  of  about  12  inches  and  to  extend  for  a  distance  of  5  to 
6  feet.  None  of  this  size  were  seen,  the  largest  noted  being  about  6  inches 
thick  with  a  lateral  extension  of  possibly  3  to  4  feet.  The  rooms  do  not 
commonly  have  more  than  one  sulphur  ball  in  the  face  at  one  time,  averag- 
ing possibly  1^  inches  thick  and  2  inches  in  diameter.  The  amount  of 
pyrite  actually  seen  in  the  face  is  probably  less  than  0.5  per  cent  by  weight 
of  the  coal. 

Character  of  the  roof:  The  roof  is  very  regular.  It  consists  of  the 
usual  succession  of  black  "slate"  with  niggerheads  8  to  14  inches  thick, 
clod  6  to  8  inches  thick,  and  cap-rock  4  to  8  inches  thick.  The  niggerheads 
are  commonly  about  18  inches  in  diameter,  though  some  are  of  still  larger 
size.  They  parallel  the  bedding  of  the  "slate"  and  are  nearly  as  thick  from 
top  to  bottom  as  is  the  "slate."  These  protrude  down  into  the  coal  and 
are  frequently  slick  on  the  surface  and  lie  more  or  less  loosely  in  the 
shale,  so  that  they  generally  drop  out.     Many  are  considerably  pyritized. 


92 


COAL  RESOURCES  OF  DISTRICT  IV 


1 


some  of  the  smaller  ones  completely  so,  but  the  larger  ones  for  a  distance 
of  only  about  half  an  inch  from  the  surface.  The  change  from  the  cal- 
careous center  to  the  pyritic  outer  layer  seems  to  be  direct  and  not  gradual. 
Ordinarily,  however,  there  is  more  or  less  pyrite  all  through  the  boulders 
with  an  increase  in  amount  toward  the  pyritic  shell. 

The  lower  2  to  6  inches  of  the  black  shale  or  ''slate''  is  known  as  the 
''draw  slate.''  Between  it  and  the  overlying  shale  is  what  is  known  as  a 
false  parting,  along  which  the  two  beds  separate  in  places  in  the  mine. 
More  often  there  is  a  good  parting  between  the  coal  and  the  "draw  slate,'' 
and  the  latter  does  not  come  away.  Where  the  coal  and  "draw  slate"  stick 
together,  a  lens  of  fossiliferous  limestone,  for  the  most  part  highly  pyritized, 
in  most  cases  lies  just  at  the  top  of  the  coal.  The  limits  of  pyritization  are 
rather  indefinite,  extending  outward  into  both  the  coal  and  "slate,"  so  as 
to  cause  the  adherence  of  the  whole  mass  and  the  fall  of  the  "draw  slate" 
with  the  coal  when  the  latter  is  shot. 

Character  of  the  floor:  The  floor  clay  in  this  mine,  about  which  there 
is  nothing  unusual,  is  reported  to  be  about  2  feet  thick  on  the  average.  It 
apparently  does  not  heave  much.  Along  entries  it  is  the  practice  to  remove 
about  10  inches  of  the  floor  clay  to  make  headway  for  the  mules. 

ALDEN  COAL  COMPANY'S  MINE  NO.  6,  AT  NORRIS 

Entrance:     Shaft,  depth  190  feet  to  No.  5  coal. 
Sections  of  the  coal: 
Sections  of  No   5  coal  in  the  Alden  Coal  Company* s  No.  6  mine 

Face  entry  main     2d  north  off  east    Entry  face  main 


Coal,  dull  . 
Coal  bright 
Coal,  dull  . 
Coal,  bright 


west  1900  feet 

entry  1200  feet 

east  2000  feet 

from  shaft 

from  shaft 

from  shaft 

Ft        in. 

Ft 

in. 

Ft 

in. 

7 

•  • 

■   • 

•   • 

4 

1          8 

4 

1 

3 

8 

% 

•   • 

■   • 

•   • 

•   • 

1         10 

•   • 

•   • 

•   ■ 

•  • 

1% 


0 


ASTORIA  WOODLAND  COAL  COMPANY'S  ABANDONED  MINE 

Entrance:     Shaft;  depth  to  coal,  58  feet. 

Thickness   of  the   coal:     Varies  from   5   feet  to   6^    feet;   averages 
5%  feet. 

Section  of  the  coal : 

Section  of  No.  5  coal  in  the  NE.  entry  about  1700  feet  from  shaft 

Thickness 


Ft 

Roof:  Black  shale 

Coal   2 

Black  jack   

Coal    1 

Mother  coal   

Coal   1 

Sulphur    

Coal   

Floor :  Fire  clay 


w.. 

%     m 

1 
1 

•     • 

10 

11 


u 


% 


11% 
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The  top  coal  is  dark  and  often  broken.  At  the  top  of  the  uppermost 
of  the  two  1-foot  coals  there  is  commonly  a  very  dark-colored  hard  cannel- 
like  coal  2  to  3  inches  thick.  The  lowermost  of  these  two  coals  is  soft,  and 
has  irregxilar  streaks  of  sulphur.  The  bottom  bench  is  a  very  bright,  hard 
coal.  The  roof  is  black  shale,  more  than  3  feet  thick,  with  large  nigger- 
heads  or  balls  of  iron  pyrite.  The  floor  is  fire  clay,  at  least  3  feet  thick. 
The  irregularities  include  large  clay  veins,  some  displacing  the  coal  18 
inches.  These  veins  which  are  exceptionally  large,  commonly  cut  entirely 
through  the  coal  and  are  as  much  as  12  feet  long  and  3  to  4  feet  wide. 
This  property  was  abandoned  in  1910. 

BIG   CREEK    COAL   COMPANY'S    MINE   NO     2,   AT   ST.   DAVID 

Entrance:     Drift;  No.  5  coal. 

Thickness  of  coal:     Varies  from  4  feet  10  inches  to  5  feet  2  inches; 
averages  5  feet. 

Sections  of  the  coal: 
Sections  3  to  8  are  taken  from  United  States  Bureau  of  Mines  Bull. 
22,  p.  495. 

Sectiona  of  No*  5  coal  in  the  Big  Creek  Coal  Company* 8 

No,  2  (St,  David)  mine 

(1)  (2) 

2,200    feet    N.  2,500  feet  west 

W.   of   drift  of  drift 


mouth 


mouth 


Coal 

Sulphur  . 

Coal   

Blackjack 
Shale   ... 

Coal   

Blackjack 
Shale   ... 


Thickness 

Ft. 

in. 

Ft 

in. 

2 

m    m 

3 

Vi 

•   ■ 

% 

•  • 

^ 

t   • 

6 

1 

7% 

•    • 

10% 

1 

2% 


(3) 


(4) 


Coal,  dull  . 
Sulphur  . . . 
Coal,  bright 
Coal,  dull  . 
Mother  coal 
Coal,  bright 
Sulphur  . . . 
Coal,  bright 

Total... 


Room  3 
I8th  E. 
6000  ft. 

from 
opening 


Ft.       in. 

1       2 

..  % 

3       7 


Entry  face 
7th  W. 
4500  ft. 

from 
opening 


Ft.       in. 

1  ., 

I     •  •    • 

4       3 


(5) 

Entry  face 

15th  N. 

6000  ft. 

from 


4M> 
(6) 

Entry  face 

11th  N. 

6000  ft. 

from 


openmg  opening 

Thickness 


(7) 

Entry  face 

7th  E. 

5000  ft. 

from 
opening 


8% 
(8) 

Entry  face 
14th  E. 
5500  ft. 

from 
opening 


Ft.        in. 

8 


//. 


•   •  •   • 


in. 


1 

4 


Ft.       in.        Ft.       in. 

.       9 


4       4 


■    ■  • 


2       8 


•  • 


4     9V6 


8 


% 
1     11 

1     10 
T"6% 
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Character  of  the  coal:  The  coal  bed  is  uniform  throughout,  without 
persistent  benches.  Small  pyrite  bands  and  streaks  of.  mother  coal  are 
present.  Some  gypsum  is  reported  in  the  facings.  At  the  time  the  mine 
was  examined  in  the  summer  of  1912  the  number  of  horsebacks  in  the 
working  face  was  reported  as  relatively  small.  In  1908  an  earlier  observer 
reported  a  large  number  in  the  mine,  which  indicates  that  th.?  coal  probably 
varies  considerably  as  regards  frequency  of  the  horsebacks. 

Character  of  the  roof:  The  roof  consists  of  a  ''draw  slate/'  composed 
of  fine-banded,  sandy  shale,  more  or  less  impregnated  with  pyrite,  1  to  2 
inches  thick,  black  ^'slate''  2  to  4  feet  thick,  and  a  limestone  cap-rock.  The 
cap-rock,  which  is  notably  persistent,  varies  in  thickness  from  6  to  18 
inches,  but  is  commonly  about  10  inches  thick.  Its  distance  above  the  coal 
varies  from  1  to  4  feet,  but  is,  for  the  most  part,  2  to  2%  feet  The  ''draw 
slate"  noted  above  is  not  a  typical  "draw  slate"  as  it  is  usually  left  up. 
It  probably  has  about  the  same  characteristics  as  the  "draw  slate"  observed 
in  mine  No.  4  of  this  company. 

Character  of  the  floor:  The  floor  is  a  hard,  bluish-gray  clay,  2  feet  6 
inches  in  average  thickness.  This  clay  is  undercut  by  mining  machines. 
It  heaves  somewhat  after  standing  18  months  to  two  years. 

BIG  CREEK  COAL  COMPANY'S   MINE   NO.   4,   AT  DUNFERMLINE 

Entrance:     Shaft;  depth  to  No.  5  coal  about  82  feet. 

Thickness  of  coal:  Varies  from  4%  feet  to  5%  feet;  averages  5  feet 
8  inches. 

Character  of  the  coal:  The  coal  is  very  similar  to  that  southwest  of 
Canton.  The  bed  is  fairly  massive,  but  to  some  extent  tends  to  shoot  off 
in  benches  due  to  the  presence  of  rather  conspicuous  but  not  entirely  per- 
sis'^ent  "dirt"  or  charcoal  bands.  Commonly  four  thin  dirt  bands  lie  about  8. 
14,  24,  and  30  inches  from  the  top,  respectively.  The  coal  has  distinct 
horizontal  partings  and  tends  to  shoot  up  rather  fine.  The  considerable 
quantity  of  mother  coal  present  makes  the  coal  sooty  and  dirty  to  handle. 
A  blackjack  or  clay  band  about  1^  inches  thick  is  practically  continuous. 
It  does  not  contain  the  gray  sulphur  found  in  the  Middleton  and  Eagle 
mines  near  Canton. 

Horsebacks  are  present  in  about  the  usual  number,  but  are  apparently 
thinner  than  they  are  farther  north,  so  that  as  a  whole  they  constitute  a 
somewhat  less  serious  difficulty.  Pyrite  is  present  in  the  coal  as  balls  of 
clean  pyrite  and  to  less  extent  as  lenses  of  grayish  laminated  pyrite.  The 
balls  are  most  commonly  2^  to  3  inches  thick  and  8  to  14  inches  in  diam- 
eter, and  weigh  20  to  30  pounds.  The  largest  ones,  however,  may  weigh 
as  much  as  200  pounds.  It  is  estimated  that  about  one  ton  of  pyrite  a  day 
or  about  one-tenth  of  one  per  cent  of  the  total  coal  mined  is  uncovered  in 
the  coal. 

Character  of  the  roof:  Roof  conditions  are  similar  to  those  generally 
found  in  the  mines  south  and  southwest  of  Canton.  The  interval  between 
the  cap-rock  and  the  coal  increases  to  the  south  and  the  cap-rock  is  some- 
what thicker  than  it  is  north  of  Canton.  It  is  more  difficult  to  distinguish 
the  stratum  called  "draw  slate"  from  the  black  shale  above,  as  neither  does 
it  contain  the  whitish  limy  concretions  found  in  the  mines  farther  north, 
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nor  are  the  limestone  lenses  present  which  in  the  mines  north  of  Canton 
are  so  commonly  found  at  the  top  of  the  coal  and  the  base  of  the  "slate/' 
The  parting  betwe^i  coal  and  "slate"  is  better  than  to  the  north  so  that 
the  coal  breaks  away,  leaving  the  "slate''  undisturbed.  Where  the  "draw 
slate''  falls,  conditions  are  almost  immediately  bad,  for  the  black  shale 
and  clod  (the  upper  part  of  the  shale)  have  very  little  coherence.  Over 
many  of  the  entries  the  cap-rock  is  exposed  the  intervening  shale  having 
fallen  in.  It  is  higher  above  the  coal  than  is  commonly  the  case  north  of 
Canton,  generally  being  4  to  5  feet.  In  places  the  cap-rock  is  thin,  espe- 
cially where  its  lower  surface  is  smooth  instead  of  knobby,  as  is  more 
frequently  the  case.  The  special  problem  in  the  mine  seems  to  be  that  of 
holding  the  thin  layer  of  "draw  slate"  in  the  rooms.  The  main  haulage- 
ways  are  commonly  brushed  up  to  the  cap-rock.  The  expense  of  this  dead 
work  of  course  is  to  be  avoided  if  possible  in  the  rooms. 

Character  of  the  floor:  When  machines  are  used  the  coal  is  cut  just 
above  the  blackjack  band  in  the  base  of  the  coal.  In  solid  shooting  the 
entire  bed  shoots  out  and  the  blackjack  must  then  be  cleaned  off  the  coal. 
The  underclay  is  about  2  feet  thick.  The  floor  rolls,  as  a  rule,  under  the 
horsebacks. 

CANTON  COAL  MINING  COMPANY'S  NO.   1   MINE     (ABANDONED), 

SOUTH  OF  CANTON 

Entrance:     Shaft;  depth  to  No-  5  coal  about  55  feet. 

Thickness  of  the  coal:     Reported  to  average  5  feet  in  thickness. 

Section  of  the  coal:  In  room  No.  1  off  the  third  southwest  entry  the 
coal  was  53  inches  thick,  and  had  2  inches  of  bone  or  blackjack  at  the 
base.  The  coal  is  probably  similar  to  that  elsewhere  south  and  south- 
west of  Canton. 

EAGLE   MINING   COMPANY'S    MINE   AT   CANTON 

Entrance:     Shaft;  depth  to  No.  5  coal  103  feet. 

Thickness  of  the  coal:  Varies  from  4  to  5%  feet;  averages  4  feet 
11  inches. 

Sections  of  the  coal: 

Section  measured  in  the  Eagle  Mine  near  Canton 
1000  feet  north-northeast  of  shaft;  face  of  Uth  east  entry  off  the  main 

north  entry  Thickness 

Ft.  in. 

Slate    10 

Coal    4  7% 

Dirt  band  1% 

Fire  clay 2+ 

Character  of  the  coal:  The  coal  in  this  mine  is  representative  of  the 
seam  south  of  Canton.  It  differs  from  that  to  the  north  in  being  more 
slabby.  Three  fairly  persistent  soot  or  clay  partings,  which  may  vary 
in  position  as  much  as  an  inch  or  two  each  way,  lie  about  8,  14,  and  22 
inches  from  the  top,  respectively.     Commonly  a  sulphur  parting  is  found 
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22  to  24  inches  from  the  bottom  or  about  35  inches  from  the  top,  which 
in  places  enlarges  to  become  a  bright  sulphur  ball  8  to  6  inches  thick.  Sul- 
phur lenses  and  balls  are  also  present  here  and  there  in  the  bed,  but  are 
found  most  frequently  in  the  middle  of  the  bed  or  up  near  the  roof,  and 
adjacent  to  horsebacks.  In  the  bottom  of  the  coal  is  a  band  of  fire  clay, 
coal,  and  sulphur,  1  to  3  inches  thick,  called  blackjack,  which  shoots  up 
with  the  coal  and  must  be  cleaned  by  the  miner.  The  pyrite  in  the  black- 
jack is  of  a  gray  banded  variety  similar  to  the  brown  sulphur  found  in 
some  of  the  mines  in  the  Peoria  district. 

Horsebacks  are  rather  frequent,  occurring  probably  about  every 
twenty  feet,  but  are  generally  less  than  4  inches  thick.  As  elsewhere  they 
are  separated  from  the  coal  that  is  loaded  out^  and  a  large  per  cent  of 
the  discarded  mass  is  good  coal.  The  waste  represented  by  their  removal 
makes  up  a  considerable  but  not  definitely  known  per  cent  of  the  bed. 

Character  of  the  roof:  The  roof  of  the  seam  is  the  usual  black 
''slate''  and  clod.  The  black  ''slate''  is  about  10  inches  and  the  clod  14 
inches  thick.  The  "draw  slate,"  which  is  commonly  2  to  3  inches  thick 
and  contains  numerous  small  scattered  lenses  of  whitish  limestone  not 
larger  than  hi  inch  by  1  inch,  usually  stays  up.  In  places  an  inch  or  so 
of  the  coal  stays  up  in  the  roof  with  the  "slate,"  but  in  other  places  the 
coal  is  separated  from  the  "slate"  by  a  smooth  parting.  The  shale  con- 
tains a  good  many  niggerheads  which  tend  to  fall  out,  bringing  more  or 
less  of  the  shale  with  them  and  thereby  weakening  the  roof.  When  the 
"draw  slate"  comes  down  and  the  air  gets  to  the  black  "slate"  and  clod, 
they  also  generally  fall.  The  cap-rock  may  or  may  not  be  strong  enough 
to  hold  after  the  shale  has  fallen.  Roof  conditions  in  this  mine  are  not 
especially  satisfactory;  room  occasionally  have  to  be  abandoned  on  ac- 
count of  the  poor  roof  conditions. 

Character  of  the  floor:  The  floor  consists  of  the  ordinary  fire  clay 
and  ordinary  floor  conditions  prevail. 

BAST  CUBA  COAL  MINING  COMPANY'S  LOCAL  MINE  NO.  1   (ABANDONED),  AT  CUBA 

Entrance:     Shaft;  about  71  feet  to  No.  5  coal. 

Thickness  of  the  coal :  Varies  from  4  feet  8  inches  to  5  feet  4  inches ; 
averages  5  feet. 

Sections  of  the  coal: 

Section  in  the  mine  of  the  East  Cuba  Coal  Mining  Company 

Room  1,  off  2d  east  off  1st  south  off  west  Thickness 

Ft.  in. 

Coal    1  11% 

Sulphur   Vk 

Coal    8% 

Sulphur   % 

Coal    2 

Sulphur % 

Coal    1% 

Fire  clay 4  10% 

Character  of  the  coal:  Except  for  the  lower  1%  to  2  inches  of  the 
coal,  which  is  blackjack,  the  coal  is  bright,  black,  and  hard. 
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Character  of  the  roof:  The  roof  is  a  black  shale  2^^  feet  thick  over- 
lain by  six  inches  of  clod  or  soft  gray  shale;  followed  by  the  cap-rock, 
which  is  about  2%  feet  thick. 

Character  of  the  floor:     The  floor  is  gray  clay. 

Irregularities:  The  continuity  of  the  bed  is  broken  by  what  is  de- 
scribed as  an  old  stream  channel,  probably  a  buried  pre-glacial  or  glacial 
line  of  drainage  along  which  the  coal  has  been  removed. 

MAPLEWOOD  COAL  COMPANY'S  MINE  NO.  1,  AT  FABMINGTON 

Entrance:     Shaft;  about  122  feet  to  No.  5  coal. 

Thickness  of  coal:  Varies  from  3  feet  10  inches  to  5  feet;  averages 
4  feet  2  inches. 

Character  of  the  ooal:  The  coal  is  noted  as  black,  shiny,  long  grain, 
and  uniform  from  top  to  bottom.  The  horsebacks  or  clay  veins  are  com- 
monly 3  to  6  inches  thick,  but  exceptionally  3  to  4  feet.  The  smaller  veins 
are  the  harder. 

Character  of  the  roof:  The  roof  consists  of  4  inches  of  black  ''draw 
slate,"  about  24  inches  of  black  shale,  and  about  10  inches  of  limestone 
cap-rock.    Above  the  cap-rock  is  16  feet  more  or  less  of  light  sandy  shale. 

Character  of  the  floor:  The  floor  consists  of  fire  clay  20  inches 
thick,  resting  upon  a  1-foot  limestone  layer. 

MAPLEWOOD  COLUERY  COMPANY'S  MINE  NO.  2,  AT  FARMINGTON 

Entrance:     Shaft;  about  146  feet  to  the  top  of  No.  5  coal. 

Thickness  of  coal:  Varies  from  3^  to  4  feet;  averages  3  feet  9 
inches. 

Sections  of  the  coal: 

Sections  in  wine  No,  2,  Maplewood  Colliery  Company 
Section  I — Third  south  off  third  west  entry 

Thickness 
Ft.  in. 

Roof;  shale,  black,  sheety,  with  niggerheads 

Shale,  black,  draw  . . . .' 4 

Coal 4 


.  • 


4  4 


Section  2 — Face  of  room  1  off  5th  west  off  north  entry,  kfiOO  feet 

from  shaft  Thickness 

Ft.  in. 

Coal,  dull   9 

Coal,  bright  2  11 


8  8 
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Section  3 — Entry  rib  in  the  2d  west  off  main  north  entry,  8,500  feet 

from  ehaft 

Thickness 
Ft.  in. 


Coal,  dull   1 

Blackjack    

Coal,  dull  

Blackjack    

Coal,  bright  

Pyrite    

Coal,  bright  

Coal,  bony 

Coal,  bright  

Coal,  bony    

Coal,  bright 


10 

2 

% 
10 


4  1% 

I 

Character  of  the  coal:  The  coal  has  no  special  peculiarities.  It  is 
without  benches  and  conspicuous  bedded  irreg^ularities.  The  most  per- 
sistent banded  irregrularity  is  a  thin  layer  of  blackjack  and  pyrite  6  to  8 
inches  above  the  base  of  the  coal.  The  coal  is  commonly  "frozen''  to  the 
roof  shale,  so  that  it  does  not  come  away  very  evenly. 

Character  of  the  roof:  The  roof  consists  of  4  to  6  inches  of  carbon- 
aceous shale  or  ''draw  slate,"  18  to  30  inches  of  black  shale,  and  12  to  18 
inches  of  limestone  cap-rock. 


Section  of  the  roof  of  mine  No.  2,  Maplewood  Colliery  Company,  700  feet 

east  of  the  shaft  on  the  main  east  entry 

Thickness 
Ft.  in. 

Shale,  carbonaceous,  rather  soft,  with  ironstone  concre- 
tions, about   6 

Cap-rock;   a  dark  gray  limestone  with  irregular  fracture. 

Bottom  of  limestone  very  uneven 1  3 

Clod;  a  black  sheety  shale  with  fossil  shells 1  2 

''Slate;"  black,  hard,  sheety  shale  with  bands  of  ironstone 
nodules.  Lower  4  inches  filled  with  bands  of  ironstone, 
limestone,  and  pyrite  nodules  1  3 

Coal   * 

MONMOUTH   COAL  COMPANY'S   MINE   NO.    1,   AT    NORRIS 

Entrance:     Shaft;  about  142  feet  to  No.  5  coal. 

Thickness  of  coal:     Varies  from  4  feet  to  4  feet  8  inches;  averages 
4  feet  4  inches. 
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Sections  of  the  coal: 

Sections  of  coal  in  No,  1  mine  of  Monmouth  Coal  Company 

(1)  (2)  (3) 

Entry  face  let  Ei.  tiA  \u  ^«  —-:-  Entry   face  ISth 

off  S.  a6th  N.)  23d  W.  off  mam  g  ^^p  j.^  ^^.^ 

4200  ft.    from  w.  .irfS"  *^  north  side  4500 

•haft.  fromehaft.  feet  from  .haft 

Thicknesses 
Ft       in.  Ft.       in.  Ft.       in. 


Coal   4  2 

Coal,  dull 

Coal,  bright 2  9  3 

Sulphur . .         % 

Coal,  bright 1  8 


k    • 


4  2  4  5%  4  4 

Character  of  the  coal:  The  coal  is  uniform  throughout  in  general 
appearance,  and  does  not  lie  in  benches.  Streaks  of  pyrite  and  mother 
coal  are  not  uncommon,  but  for  the  most  part  the  coal  is  laminated,  bright, 
and  blocky,  and  is  typical  for  Illinois.  The  greatest  difficulty  consists  of 
the  horsebacks  which  average  1  to  2  inches  in  width  and  which  often  con- 
tain considerable  pyrite. 

Character  of  the  roof:  The  immediate  roof  is  18  inches  to  2  feet 
of  black  shale  called  ''slate,"  with  a  gritty  limestone  cap-rock  about  6 
inches  thick. 

Character  of  the  floor:  The  fioor  is  fire  clay  1  to  1%  feet  thicks 
containing  boulders  and  nodules  of  pyrite.  The  boulders  in  the  clay  are 
reported  by  one  observer  to  be  septarian  in  character,  that  is,  crossed  by 
cracks  and  containing  cavities  lined  with  calcite.  The  coal  is  reported 
to  ride  over  the  boulders  as  shown  in  the  accompanying  reproduction  of  a 
sketch  (fig.  6)  made  in  the  northeast  part  of  the  mine.  The  boulders 
are  especially  numerous  on  the  north  side  of  the  shaft  and  are  also  found 
in  the  mines  at  Norris. 

STAB  COAL   COMPANY'S   MINE   NO.    1,   AT   FIATT 

Entrance:     Shaft;  depth  of  No.  5  coal  about  56  feet. 
Thickness  of  coal:     Varies  from  4%   to  5  feet;   averages  4  feet  8 
inches. 

Sections  of  the  coal: 

Sections  of  the  coal  in  mine  No.  1  of  the  Star  Coal  Company 
Section  1 — Room  face,  room  S9  off  15th  south,  off  main  east 

Thickness 
Ft.  in. 

Roof:     Black  sheety  shale  containing  niggerheads 

Coal:  Rather  dull  and  hard  with  irregular  rather  than 
banded  appearance.  A  few  vertical  irregular  veinlets 
of  pyrite,  and  a  little  calcite  in  facings  is  present  and 
mother  coal  in  slight  amount  in  thickness  up  to  about 

Vl   inch    4  7 

Floor:  Fire  clay,  soft,  dark  gray;  heaves  badly  in  air  as 
well  as  in  water;  considerable  pyrite  in  upper  two 
inches < 
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Seetiona  2  to  J^ 

(2) 

Entry  face  20th 
•outh  4500  ft. 
from  openiag 


Ft.  in. 

Coal,  dull   10 

Coal,  bright 

Mother  coal % 

Coal,  bright 6 

Mother  coal % 

Coal  bright   2 

Mother  coal % 

Coal,  bright  1  2 


(3) 

Entry  face  15th 
south  3500  ft. 
from  opening 

Thicknesses 
Ft.       iru 


(4) 

En^y  face  16th 
4000  ft.  from 
opening 

Ft.       in. 

•  •         . . 
4  8 


Character  of  the  coal:  The  coal  is  not  subdivided  into  benches.  It  is 
fairly  hard,  dull  in  appearance  and  has  hackly  fracture  and  laminated 
structure.  A  little  pyrite  is  ordinarily  interbedded  about  18  inches  from 
the  top.    There  are  no  clay  slips. 

Character  of  the  roof:  The  immediate  roof  is  black  ''slate"  6  to  20 
inches  thick,  above  which  is  a  micaceous  sandstone  2  feet  or  less  in 
thickness.  The  lower  2  inches  of  the  ''slate,"  called  the  sulphur  band,  is 
crowded  with  fossils  largely  pyritized. 

Section  of  roof  of  No.  5  coal,  mine  No.  1,  of  the  Star  Coal  Company, 

at  Fiatt 
Section  1 — 1800  feet  from  opening  on  the  main  east  entry 

Sandstone. 

Soapstone,  unconformable  in  relation  to  strata  below;  in  places  cuts 
out  cap-rock. 

Cap-rock;  a  fine-grained,  calcareous  and  micaceous  sandstone,  carry- 
ing carbonaceous  material;  thickness  up  to  6  inches. 

Clod;  a  dark  brownish-gray  shale  with  many  shells — 3  inches. 

"Slate;"  a  black  sheety  shale,  1  foot  6  inches. 

Coal. 

Section  2 — 2500  feet  from  portal  on  main  east  entry 

Thickness 


tn. 


Soapstone;  dark  gray  sandy  shale,  irregularly  bedded,  about 

Cap-rock  and  clod 

"Slate;"  hard  black  sheety  shale 

Shale;  sheety,  hard,  with  pyrite 

Coal    

STAR  COAL  company's  MINE  NO.  3,  AT  CUBA 

Entrance:     Shaft;  26  feet  to  No.  5  coal. 
Thickness  of  coal:     Averages  4  feet  8  inches. 
Section  of  the  coal: 


Ft. 

4 
few  Inches 

1  8 
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Section  of  the  coal  in  mine  No,  S  of  the  Star  Coal  Company 
(Measured  in  temporary  north  entry) 

Thickness 
Ft.  in. 

Coal   1  9 

Parting   

Coal 8 

"Soot"  seam    

Coal   1  8 


4  1 

Character  of  the  coal:     At  the   section   given   aboA^e,  the   coal  was 
uniform  in  appearance,  hard,  and  rather  tough.     A  narrow  vertical  sul- 
phur streak  lay  in  the  upper  part  of  the  bed.    Horsebacks  are  not  numerous. 
Character  of  the  roof:     The  roof  consists  of  2^  feet  of  black  ''slate" 
above  which  is  the  cap-rock,  about  12  to  18  inches  thick. 
Character  of  the  floor:     The  floor  consists  of  fire  clay. 

MIDDLETON  COAL  COMPANY'S  MIDDLETON   MINE,  AT  CANTON 

Entrance:     Shaft;  60  feet  to  the  top  of  No.  5  troal. 

Thickness  of  coal:  Varies  from  4%  to  5  feet;  averages  4  feet  9 
inches. 

Character  of  the  coal:  The  coal  is  separated  into  poorly  distin- 
guished benches  by  thin  clay  and  mother  coal  partings,  one  about  8  inches 
from  the  top  and  another  about  1  foot  lower.  The  partings  are  fairly  per- 
sistent and  the  tendency  of  the  coal  to  break  along  them  must  be  considered 
in  placing  the  shots,  in  order  that  all  the  seam  may  be  loosened.  A  black- 
jack seam  1  to  3  inches  thick  at  the  bottom  of  the  bed  is  an  important 
impurity.  It  is  composed  largely  of  soft  carbonaceous  shale  and  coal  with 
lenses  of  pyrite  up  to  about  1  inch  in  thickness  making  up  about  one- 
fourth  of  the  mass.  It  commonly  shoots  up  with  the  coal  and  must  be 
separated  by  the  miner.  Considerable  coal  is  wasted  in  this  way.  This 
material  makes  up  the  greater  part  of  the  gob. 

Pyrite  is  present  in  the  coal  as  balls  of  hard,  bright  "sulphur"  and 
in  the  blackjack  band  in  a  grayer,  more  earthy  form.  Sulphur  balls  were 
observed  at  the  face  of  about  two-thirds  of  the  rooms  and  entries  visited. 
They  are  commonly  2%  by  10  or  12  inches,  but  in  rare  cases  are  6  inches 
thick  and  8  feet  across.  A  few  horsebacks  cut  the  coal,  occurring  possibly 
every  50  to  75  feet,  but  they  are  not  especially  troublesome. 

Character  of  the  roof:  Roof  conditions  in  this  mine  are  somewhat 
different  from  those  in  the  mines  north  of  Canton.  The  "draw  slate"  is 
not  well  differentiated.  The  coal  more  commonly  breaks  smoothly  away  from 
the  "slate"  so  that  over  much  of  the  mine  a  smooth  clean  roof  is  present. 
In  places,  however,  the  coal  is  "frozen"  to  the  "slate,"  and  coal  and  slate 
come  away  together.  This  weakens  the  roof  so  that  eventually  it  falls 
even  through  the  cap-rock.  Above  the  cap-rock  is  a  layer  of  weak  clay 
shale  which  is  called  clod,  but  which  is  not  to  be  confused  with  the  clod 
between  the  black  "slate"  and  cap-rock.  Above  the  upper  clod  is  a  gray 
soapstone.  As  the  shales  above  the  cap-rock  carry  considerable  water, 
water  enters  where  falls  occur. 

Character  of  the  floor:     The  floor  is  fire  clay. 
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SILVER  CREEK  COLLIERY  COMPANY'S  NO.  1  MINE,  AT  FARMINOTON 

Entrance:     Shaft;  41  feet  to  the  top  of  No.  5  coal. 

Thickness  of  coal:  Varies  from  3  feet  to  4  feet  2  inches;  averages 
4  feet. 

Character  of  the  coal:  The  coal  does  not  lie  in  benches  but  contains 
a  few  discontinuous  thin  partings  %  to  %  inch  thick,  and  an  occasional 
nodule  of  clean,  brassy  pyrite.  Clay  and  "spar"  horsebacks  are  rather 
numerous;  the  removal  of  this  material  necessitates  extra  expense  and 
results  in  considerable  waste.  That  the  amount  of  bright  brassy-looking 
pyrite  is  small  is  indicated  by  the  fact  that  out  of  17  rooms  visited,  two 
had  one  nodule  each  in  the  face.  One  of  these  was  4  to  6  inches  thick  and 
12  to  15  inches  in  length,  and  the  other  3  to  4  inches  thick  and  18  inches 
across.  The  amount  of  pyrite  present  is  rather  below  the  average  for  the 
mines  of  the  county. 

The  peculiar  hard  masses,  called  boulders,  at  the  base  of  the  coal, 
consist  of  masses  of  hard  brownish  rock  with  a  porous  texture.  Certain 
of  these  boulders  have  the  appearance  of  coke.  The  material  seems  to  be 
silicified  or  calcified  wood  or  peat,  as  certain  frag^ments  show  very  clearly 
the  wood  structure.  The  character  of  the  replacing  mineral  varies,  some 
boulders  being  part  silica  and  part  calcite.  Further  investigation  is  neces- 
sary in  order  to  determine  the  exact  nature  of  this  impurity.  One  of  these 
boulders  measured  14  inches  high  by  about  2  feet  across  but  they  vary 
greatly  in  size.  • 

Character  of  the  roof:  The  roof  succession,  which  is  similar  to  that 
in  the  other  mines  of  the  Farmington  region,  consists  of  the  "draw  slate,'' 
"slate,"  and  cap-rock.  The  behavior  of  the  "draw  slate"  is  uncertain.  In 
places  the  coal  parts  freely  from  the  "slate"  and  the  latter  stays  up,  so  tliat 
slightly  less  head  room  is  left  than  is  necessary  for  the  mules,  and  along 
considerable  stretches  of  the  entries  about  10  inches  of  fire  clay  must  be 
dug  up.  Commonly,  however,  the  coal  sticks  to  the  "draw  slate"  because 
a  band  of  pyrite  or  limestone  at  the  junction  of  the  two  strata  "freezes" 
the  coal  to  the  "slate."  Under  these  circumstances  the  "draw  slate"  comes 
down  with  the  coal,  a  condition  which  is  desired  even  though  the  coal  must 
then  be  cleaned  off  by  the  miner. 

Character  of  the  floor:  The  floor  is  fire  clay.  The  layer  is  about 
6  inches  in  thickness  and  squeezes  up  into  the  entries  somewhat  where 
they  are  wet. 

NATIONAL  COAL  MINING  COMPANY'S  MINE,  WEST  OF  FARMINGTON 

Entrance:     Shaft;  105  feet  to  the  top  of  No.  5  coal. 

Thickness  of  coal:     Varies  from  3  to  4  feet;  averages  3  feet  10  inches. 

Character  of  the  coal:  The  rooms  and  entries  of  only  the  north  and 
west  sides  were  visited.  The  property  adjoins  that  operated  by  the  Silver 
Creek  Colliery  Company  on  the  east  and  it  is  probable  that  conditions  in 
the  adjacent  parts  of  the  two  mines  are  similar. 

At  the  face  the  coal  displays  a  slight  tendency  toward  benching.  Two 
"mud"  bands  a  quarter  of  an  inch  or  less  in  thickness  are  commonly  pres- 
ent, one  about  8  inches  from  the  top  and  another  about  18  inches  from 
the  bottom.    These  are  not  persistent  in  the  Farmington  district,  and  even 
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in  the  National  mine,  are  not  continuous;  but  they  are  reported  in  at  least 
one  other  mine.  Their  presence  makes  it  necessary  for  the  miner  to  drill 
his  holes  so  that  they  end  above  the  upper  seam  and  below  the  lower; 
otherwise  the  middle  bench  will  break  away  from  the  upper  and  lower 
portions  of  the  bed. 

Impurities  other  than  the  clay  bands  noted  in  the  preceding  para- 
Spraph  are  not  common.  Horsebacks  of  either  the  clay  or  "spar"  variety 
seem  to  be  somewhat  less  common  than  in  most  of  the  mines  in  the  county. 
The  amount  of  pyrite  present  in  balls  and  lenses  is  small.  Although  no 
boulders  in  the  bottom  of  the  coal  were  observed,  their  occurrence  in  the 
adjoining  Silver  Creek  mine  would  indicate  that  they  may  be  found  or  at 
least  exx)ected  occasionally  in  the  National  mine. 

Character  of  the  roof:  Roof  conditions  in  general  are  excellent. 
The  succession  is  similar  to  that  in  other  mines  in  the  vicinity,  namely, 
"draw  slate,"  about  3  inches;  ''slate/'  8  to  14  inches,  averaging  about  10 
inches;  "clod,"  about  10  inches;  and  cap-rock,  about  18  inches.  In  some 
places  pre-glacial  erosion  channels  have  cut  down  nearly  to  the  coal,  so 
that  the  rock  above  the  seam  is  only  15  to  20  feet  thick.  Under  such  places 
the  roof  tends  to  be  weak,  so  that  the  rooms  cave  and  let  in  water.  Such 
falls  are  the  principal  difficulty  encountered  in  the  mine. 

Character  of  the  floor :  The  floor  is  Are  clay  12  to  18  inches  thick  and 
has  hard  rock  below  it.    The  clay  heaves  but  little  if  any. 

GENUINE  NORRIS  COAL  MINING  COMPANY'S  MINE  NO.  1, 

AT  NORRIS 

Entrance:     Shaft;  180  feet  to  the  top  of  No.  5  coal. 

Thickness  of  the  coal:  Varies  from  3  feet  9  inches  to  4  feet  2  inches; 
averages  4  feet. 

Character  of  the  coal:  The  coal  is  without  benches,  and  contains  a 
few  streaks  of  clay  and  mother  coal  one-eighth  inch  or  less  in  thickness, 
none  of  them  regular,  and  here  and  there  a  pyrite  nodule  2  to  3  inches 
by  6  to  8  inches.  These  latter  are  not  common.  The  horsebacks  occur  in 
about  the  usual  frequency  and  size.  The  impurity  most  difficult  to  handle 
consists  of  the  floor  boulders.  These  are  masses  of  very  hard  brownish 
to  black  rock  occupying  the  lower  part  of  the  bed.  Some  are  nearly  3  feet 
thick  and  extend  laterally  4  to  5  feet.  They  are  similar  to  the  boulders 
noticed  in  the  mine  of  the  Silver  Creek  Colliery  Company  and  apparently 
consist  of  areas  of  silicification.  Pyrite  is  present  in  only  relatively  small 
amount  as  spar  sulphur  and  balls.  It  is  an  impurity  of  little  consequence 
in  this  mine. 

Character  of  the  roof:  The  usual  roof  conditions  for  this  area  exist. 
The  ''draw  slate"  is  persistent.  Best  mining  practice  in  this  mine  requires 
that  the  "draw  slate"  remain  up,  for  considerable  difficulty  is  experienced 
in  holding  the  black  "slate"  and  clod  after  the  "draw  slate"  falls.  The 
cap-rock  seems  to  be  fairly  good,  but  is  crossed  here  and  there  by  incipient 
cracks  which  widen  on  exposure  to  the  air,  thereby  loosening  the  rock. 

At  one  locality  in  the  mine  along  the  main  south  entry,  above  the 
black  "slate,"  a  massive  sandy  rock  is  present  which  appears  to  be  a  very 
sandy  phase  of  the  cap-rock.  The  sandstone  "rolls"  down  through  the 
clod  so  that  it  rests  upon  the  black  "slate"  within  14  inches  of  the  coal. 
At  this  place  the  coal  also  dips  rather  sharply  beneath  the  roll.    This  is  the 
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only  structural  irregularity,  other  than  tbe  clay  or  spar  slips,  that  has  been 
noted  in  the  county. 

The  "draw  slate"  is  a  limy  black  "slate"  containing  small  lenticular 
bodies  of  calcareous  sandstone  or  sandy  limestone  about  V^  inch  thick  and 
1  inch  in  diameter.  In  places  it  becomes  very  calcareous  and  contains 
lenses  of  limestone  composed  of  shells  which  are  commonly  pyritiferous. 
The  niggerheads  seem  to  be  of  different  origin.  They  are  apparently  con- 
cretionary and  generally  not  fossiliferous.  They  seem  to  be  embedded 
mainly  in  the  black  shale  or  "slate"  and  to  extend  down  into  the  "draw 
slate"  or  even  into  the  coal. 

Character  of  the  floor:  The  floor  is  described  as  Are  clay  and  is  said 
to  be  about  2  feet  thick. 

SIMMONS  COAL  COMPANY'S  MINE,  AT  CANTON 

Entrance:     Shaft;  121  feet  to  the  top  of  No.  5  coal. 

Thickness  of  the  coal:  Varies  from  4  to  4%  feet;  averages  4  feet 
4  inches. 

Character  of  the  coal:  The  coal  face  was  not  observed  in  this  mine. 
The  coal  is  reported  to  be  tut  by  fewer  horsebacks  than  usual  for  this 
area,  and  the  quantity  of  pyrite  is  also  small.  Some  bright  pyrite  in  balls 
is  present,  however.     No  boulders  in  the  floor  are  reported. 

The  coal  bed  is  interrupted  both  to  the  north  and  south  by  "faults." 
They  appear  to  be  deposits  of  sand  and  gravel  made  in  p re-glacial  chan- 
nels, the  floors  of  which  were  below  the  level  of  the  coal. 

Character  of  the  roof:  The  roof  is  of  the  usual  character.  There  is 
generally  about  3  inches  of  "draw  slate"  present,  black  "slate*'  with  clod 
above,  about  18  inches  thick  in  all,  and  the  ordinary  limestone  cap-rock 
4  to  10  inches  thick. 

CRIPPLE  CREEK  COAL  COMPANY'S  MINES  AT  BRYANT 

Entrance:     Drift;  No.  5  coal. 

Thickness  of  the  coal:  Varies  from  4  feet  6  inches  to  5  feet  2  inches; 
averages  4  feet  8  inches. 

Character  of  the  coal:  The  coal  lies  in  benches  due  to  three  thin 
"soot"  or  mother-coal  bands,  8,  22,  and  31  inches  from  the  top  of  the  bed 
respectively.  Horsebacks  are  present  but  are  thin,  rarely  being  more 
than  2  to  3  inches  across.  Rolls  in  the  floor  are  usually  less  than  6  inches 
in  height.  In  most  of  the  rooms  the  coal  breaks  smoothly  ^  to  1  inch 
below  the  "slate,"  leaving  a  fairly  even  top,  a  condition  which  is  rather 
uncommon  for  this  area.  Niggerheads  generally  work  loose  and  fall  out 
and  then  the  rest  of  the  roof  up  to  the  cap-rock  falls  down.  Pyrite  is 
not  common. 

Character  of  the  roof:  The  general  succession  above  the  coal  is  the 
same  as  in  other  mines  in  the  area.  The  black  shale  and  clod  above  the 
coal  varies  in  thickness  from  3  to  6  feet  and  the  limestone  cap-rock  is 
4  inches  or  more  thick. 
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COAL  BEDS  BEI,OW  NO.  5  COAL 

In  Fulton  County  the  two  coals  which  represent  the  largest  re- 
source are  beds  No.  2  and  No.  1.  The  former  seems  to  be  widespread 
east  of  its  outcrop.  It  is  thin,  but  in  many  records  of  drilling  it  varies 
between  2  feet  6  inches  and  3  feet,  so  that  very  probably  there  are  large 
areas  that  could  be  profitably  mined  later  if  not  now.  Fortunately  the 
need  for  the  exploitation  of  such  bodies  of  coal  does  not  exist.  No.  2 
coal  has  the  usual  soapstone  or  gray  shale  roof  commonly  found  over 
this  coal  in  northern  Illinois,  with  a  3-foot  bed  of  black  sheety  shale  at 
various  intervals  above  the  coal,  up  to  possibly  about  20  feet.  The 
roof  is  such  as  to  favor  the  longwall  system  of  extraction,  which  is 
practically  always  employed  where  the  coal  is  mined.  The  bed  is 
usually  fairly  free  from  impurities  and  the  coal  of  somewhat  better 
quality  than  the  coal  in  the  higher  beds  in  the  same  region 

The  lower  coal.  No.  1  (Rock  Island)  bed  has  a  much  more  erratic 
distribution  than  have  the  upper  beds.  It  seems  to  be  fairly  persistent, 
but  varies  greatly  in  thickness  and  is  commonly  interrupted  by  lenses 
of  shale  which  would  render  it  unminable.  It  is  not  impossible,  al- 
though the  possibility  is  gradually  being  lessened  by  drilling,  that  there 
are  areas  of  sufficient  size  to  be  of  importance  in  which  No.  1  coal 
attains  a  continuous  thickness  of  more  than  4  feet.  Its  normal  develop- 
ment, however,  is  in  lenticular  bodies,  the  exploration  and  outlining  of 
which  is  expensive,  so  that  it  will  not  be  generally  undertaken  for  many 
years.  Filrthermore,  the  roof  conditions  of  this  coal  are  irregular  and 
result  in  high  mining  costs.  Where  it  is  present  close  to  the  coal  the 
limestone  cap-rock  makes  an  excellent  roof ;  but  too  commonly  there  is 
a  mass  of  rather  loose  shale  between  the  coal  and  the  limestone  which 
under  present  practice  must  usually  be  moved.  The  irregular  char- 
acter of  this  coal  makes  possible  the  discovery  of  small  areas  from 
which  large  returns  can  be  expected,  but  for  the  most  part  No.  1  prob- 
ably is  not  as  important  a  resource  as  No.  2  coal. 

Intermediate  thin  coals  between  No.  2  and  No.  1,  each  generally 
less  than  a  foot  thick,  locally  thicken  so  as  to  be  workable.  Sometime 
there  will  no  doubt  be  an  eager  search  for  workable  areas  of  these 
coals,  but  at  present  they  seem  to  have  no  commercial  importance. 


KNOX  COUNTY 

Production  and  Mines 

Production  in  tons  year  ending  June  30,  1920 34,753 

Average  annual  production,  1916-1920 29,387 

Total  production,    1881-1920 1,866,061 

The  production  of  coal  from  Knox  County  in  1920  was  entirely 
from  wagon  or  local  mines,  about  three-fourths  from  No.  6  coal,  about 
one-fourth  from  No.  5,  and  a  small  amount  from  another  bed  possibly 
No.  1.  The  statistics  of  labor  tabulate  27  mines,  of  which  more  than 
half  are  drift  and  slope  mines.  The  county  ranked  thirty-ninth  among 
the  fifty-three  producers. 

Members  of  the  present  Survey  have  visited  only  four  operations 
in  the  county  and  none  of  these  is  now  in  operation.  The  outcrop  and 
structure  of  the  various  coals  have  never  been  determined,  and  for 
general  geological  conditions  reliance  is  placed  chiefly  upon  the  report 
by  Worthen  in  the  Geological  Survey  of  Illinois,  Vol.  IV,  pp.  313  to 
324.  His  account  of  the  coals  underlying  the  cotmty  is  unfortunately 
confusing  because  of  the  wrong  identification  of  at  least  one  and  pos- 
sibly other  coals,  and  because  of  general  uncertainty  as  to  correlation. 

Knox  and  Fulton  counties  occupy  a  corresponding  position  across 
the  outcropping  edges  of  the  commercial  beds  of  the  State.  All  the 
beds  of  commercial  importance  except  No.  7  and  possibly  No.  1  out- 
crop within  the  county  in  more  or  less  parallel  belts  extending  north 
and  south.  No.  6  lies  near  the  east  line  and  what  is  possibly  No.  1 
near  the  west  line.  The  coal  of  greatest  importance  in  quantity  is 
probably  No.  5.  No.  2  probably  underlies  the  largest  area,  whereas 
No.  6  is  limited  to  a  small  area  in  the  eastern  part  of  the  county, 
bounded  by  its  line  of  outcrop  on  the  west,  and  No.  1  is  limited  as  a 
commercial  coal  in  its  distribution  by  its  decrease  in  thickness  to  the 
east. 

SuRFiciAL  Deposits 

A  factor  which  greatly  hinders  the  development  of  the  consider- 
able amount  of  outcrop  coal  in  the  county  is  the  covering  of  glacial 
drift. 

The  glacial  drift  is  generally  but  20  to  30  feet  in  depth,  but  in 
places  where  valleys  have  been  filled,  the  depth  may  reach  100  feet  or 
more.^ 


iLeverett,   Frank,  Illinois  Glacial  Lobe:   U.   S.   Geoloeical  Survey  Mon.   88. 
p.    676,    1898. 
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The  upper  part  of  the  drift  is  composed  of  fine  yellowish  silt  or 
loess,  which  is  somewhat  more  widespread  than  the  glacial  clay  or  till 
and  is  especially  effective  in  concealing  outcrops. 

The  position  of  the  pre-glacial  channels  which  cross  the  county 
has  not  been  determined. 

Coal-bearing  Rocks 

It  is  believed  that  in  general  the  succession  of  coal-bearing  rocks 
in  Knox  County  is  the  same  as  in  Fulton  County  eastward,  and  the 
coals  outcrop  in  more  or  less  parallel  belts  extending  north  and  south. 
No.  6  coal  underlies  the  higher  parts  of  the  county  south  and  east  of 
Spoon  River,  with  No.  5  coal  outcropping  at  lower  levels.  North  of 
Spoon  River,  No.  6  coal  is  present  on  the  uplands  in  the  north  half  of 
the  county  as  far  west  as  Wataga,  Oneida,  and  possibly  Knoxville,  but 
it  is  probably  not  generally  present  south  of  the  Santa  Fe  Railroad. 
The  area  wherein  No.  5  coal  lies  nearest  the  surface  has  not  been  well 
defined,  due  to  some  extent  to  the  confusion  in  the  correlation  of  this 
coal.  Coal  which  is  described  by  Worthen^  as  No.  4  is  probably  No.  5, 
just  as  is  the  case  in  Fulton  County.  Other  coals,  such  as  that  mined 
at  Soperville,  which  have  been  called  No.  5,  are  still  lacking  definite 
correlation  but  appear  to  lie  below  No.  5  coal.  No.  2  coal  seems  to  be 
the  coal  nearest  the  surface  in  the  western  part  of  the  county  along 
the  Chicago,  Burlington  and  Quincy  Railroad,  running  south  from 
Galesburg  through  Abingdon  and  St.  Augustine.  There  are  many 
outcrops  of  this  coal  along  Spoon  River  and  its  tributaries  at  relatively 
low  altitudes  in  the  county.  It  is  also  exposed  at  a  few  places  near 
the  western  edge  of  the  county  north  of  Galesburg.  No.  1  coal  is 
possibly  of  workable  thickness  along  Spoon  River  valley  near  the  south 
line  of  the  county,  since  it  is  being  worked  but  a  short  distance  south 
in  Fulton  County  at  Ellisville.  However,  as  elsewhere  in  the  State  the 
distribution  of  this  coal  is  irregular ;  whether  it  is  generally  present  in 
workable  thickness  is  doubtful. 

For  the  general  succession  in  the  county  we  are  dependent  upon  a 
few  records  of  scattered  driUing,  the  most  of  which  are  located  in 
Henderson  Township.  Other  holes  have  been  drilled  in  Lynn,  Gales- 
burg, Copley,  Persifer,  and  Knox  townships. 

The  succession  in  Henderson  Township  is  illustrated  by  the  fol- 
lowing drill  records : 


iGeolofflcal  Survey  of  IHinois,  Vol.  IV,  pp.  313-324. 
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Record  of  drilling  on  the  farm  of  J,  Snodgrass  in  the  SW,  Vl  NE.  %  see.  10, 

T.  12  N.,  R.  1  E.,  Knox  County,  Illinois. 

Estimated  elevation  about  800  feet  above  sea  level. 


Description  of  Strata 


Thickness 


Quaternary  system — 

Pleistocene  and  Recent — 

Clay,   sandy 

Pennsylvanian  system — 

Shale,  gray 

"Slate",  dark 

CoaL 

Shale,  gray 

Sandstone,  light 

Shale,  light 

Sandstone,  light.. 

Shale,  light 

"Boulder"  (limestone?),  light 

Shale,  gray 

Shale,  sandy  brown 

Sandstone,  gray 

Shale,  dark 

Limestone,  blue,  very  hard 

Shale,  dark 

"Slate,"  dark 

Coal  1 

Coal,  impure  mNo.  1?) 

Coal  J 

Fire  clay 

Sandstone,  white 

Shale,  sandy,  light 

Shale,  sandy,  gray 

Shale,  sandy,  light 

Coal,  soft...— 

Shale,  sandy,  light 

Shale,  lime 

Sandstone,  light 

Shale,  sandy,  light 

Sandstone,  light,  very  hard 

Shale,  sandy,  light- 

Shale,  gray 

Coal 

Shale,  gray,  sandy 

Sandstone,  gray 

Shale,  dark 

"Cap  rock"  (limestone?),  very  hard 

Coal,  impure.— 

Sandstone,  gray,  hard.. 


Fl 


20 

33 
2 
1 
2 
3 
2 
1 

IS 
2 
8 

30 

15 
7 
2 
7 
1 
1 


2 
8 
4 
7 
5 
1 
2 
4 
3 
1 
4 
7 
2 
1 
5 

1 
1 
2 


tn. 


1 
2 
7 
2 
2 
4 
3 
2 
1 

4 
11 

9 
11 
7 
2 
4 

10 
10 

8 
8 

2 
4 

10 
4 
2 
6 
7 
2 

11 
6 
8 
1 
4 

10 


Depth 


Ft. 


20 

53 

55 

56 

58 

62 

64 

65 

80 

82 

91 

120 

135 

143 

145 

153 

154 

156 

156 

157 

159 

167 

172 

180 

186 

187 

189 

193 

197 

198 

202 

210 

212 

214 

220 

220 

222 

223 

225 

226 


in. 


1 

3 

10 

2 

6 

9 

11 


4 
3 
3 

11 
6 
8 


10 
8 
4 


2 
6 
4 
8 

10 
4 

11 
1 

5 
2 
3 
7 
5 
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Record  of  drilling  on  the  farm  of  J.  Snodgrass — Concluded 


Description  of  Strata 


Sandstone,  light,  hard 

Shale,  sandy^  light 

Shale,  sandy,  gray— 

Coal 

Shale,  gray 

Shale,  light  gray.- 

Shale,  sandy,  gray 

Coal 

Fire  clay 

Shale,  sandy,  gray._ 

Coal 

Shale,  sandy,  light... 

Sandstone,  light,  hard.. 

"Slate,"  dark 

Sandstone,  light,  very  hard 

Shale,  dark„ 

"Slate,"  dark,  hard 

Sandstone,  light,  hard 


Thickness 


Fl 

3 

7 

10 

3 
4 

8 

1 
4 


2 
10 

1 
36 
IS 

2 


tn. 
3 
4 
3 

11 
6 

1 
3 
4 
1 
2 

10 
8 
6 
6 

10 
6 


Depth 


Ft. 

229 
237 
247 
248 
251 
255 
263 
264 
265 
269 
269 
270 
273 
283 
285 
321 
336 
339 


in. 
8 

3 
2 
8 
8 
9 

4 

5 
7 
5 
1 
7 
1 
1 

11 
5 


Record  of  a  drilling  on  the  H,  Smith  farm  in  the  SE.  V^  SW.  M  see,  16,  T. 

12  N,,  R.  1  E,,  \Knox  County,  Illinois. 
Estimated  elevation  about  750  feet  above  sea  level 


Description  of  Strata 


Quaternary  system — 

Pleistocene  and  Recent — 

aay._ 

Sand,  gray 

Sand  and  gravel 

Pennsylvanian  system — 

Shale,  dark 

CoaL 

Shale,  light 

Coal 

Shale,  sandy,  brown 

Sandstone,  dark.- 

Sandstone,  light 

Shale,  gray,  light 

Shale,  dark 

"Cap-rock"  (liincstone?) 

Shale,  dark 

Shale,  bituminous 

Shale,  light  gray. 

Coal,  (No.  1?) 

"False  bottom" 

Fire  clay 


Thickness 


Fl 


26 

35 
5 


3 
6 

6 
7 
25 
3 
8 
2 
7 
2 
1 
2 

1 


tn. 


4 


6 
1 

9 
2 
2 


2 
6 

2 
3 
6 
3 
4 
10 


Depth 


Ft. 


26 
61 
66 

66 

69 

76 

76 

83 

90 

115 

118 

126 

128 

135 

138 

139 

141 

142 

144 


tn. 


4 
4 

10 

11 

8 

10 


2 
8 
8 

10 
1 
7 

10 
2 
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The  identification  of  the  coals  in  the  foregoing  records  is  not 
definite.  The  nine  holes  drilled  in  the  vicinity  of  Henderson  are  alike 
in  showing  a  coal  at  a  depth  of  125  to  150  feet  which  is  apparently  the 
coal  found  at  154  feet  11  inches  in  the  drilling  on  the  Snodgrass  farm 
and  at  139  feet  9  inches  in  the  drilling  on  the  Smith  farm.  The  pres- 
ence of  a  hard  blue  limestone  cap-rock  a  few  feet  above  this  coal 
suggests  its  correlation  with  No.  1  coal  of  Mercer  and  Rock  Island 
counties.  It  is  thought  that  this  same  bed  is  worked  at  Soperville  by 
T.  H.  Milan  and  Company,  where  the  coal  is  100  feet  below  the  sur- 
face. In  this  shaft  the  cap-rock  (or  "bed-rock,"  as  it  is  called)  is 
about  8  feet  above  the  coal.  The  seam  is  from  2  to  4j4  feet  thick,  with 
an  average  thickness  of  about  4  feet.  If  this  is  No.  1  coal,  then  the 
stratigraphic  succession  in  northwestern  Knox  County  varies  from  that 
farther  south  in  that  the  Pottsville  formation  is  thicker  and  the  Car- 
bondale  formation  probably  thinner  to  the  south  and  southeast. 

It  is  believed  that  the  coal  underlying  Henderson  Township  is 
certainly  below  the  horizon  of  No.  5,  and  accordingly  that  this  part  of 
the  county,  as  well  as  Rio,  Galesburg,  Cedar,  Indian  Point,  Orange,  and 
Chestnut  townships  forms  part  of  District  III,  in  which  coals  No.  1  and 
No.  2  are  the  principal  coals  mined.  They  will  accordingly  be  included 
in  the  District  III  report.  It  is  believed  that  with  a  small  amount  of 
additional  field  work  the  correlation  of  the  coals  in  this  part  of  the 
county  can  be  satisfactorily  settled. 

The  coals  lying  below  No.  1  or  the  Soperville  coal  as  shown  in  the 
record  of  the  drilling  on  the  Snodgrass  farm  are  not  commonly  pres- 
ent in  Illinois,  except  possibly  in  adjacent  parts  of  Henry,  Mercer,  and 
Rock  Island  counties.  Except  in  these  counties  200  feet  or  more  of 
Pottsville  is  unusual  in  the  northern  part  of  the  State.  It  is  possible 
that  locally  some  of  these  lower  coals  may  be  of  workable  thickness, 
but  they  are  not  known  to  be  worked  in  Knox  County. 

The  succession  in  Galesburg  Township  is  known  only  from  the 
logs  of  churn-drill  holes  for  water  made  by  the  city.  Although  these 
records  are  of  little  service  in  determining  the  character  of  the  strata, 
they  indicate,  however,  that  the  base  of  the  Pennsylvanian  strata  is  at 
a  depth  of  about  330  feet  below  the  surface  at  well  No.  3.  Of  this 
thickness  about  80  feet  is  drift  and  the  remainder  probably  Pottsville, 
At  Knoxville,  in  Knox  Township,  the  base  of  the  Pennsylvanian  is 
possibly  at  a  depth  of  480  feet,  as  indicated  by  the  deep  water  well 
record. 

The  following  record  is  that  of  a  diamond-drill  hole  near  Etherly 
in  Copley  Township,  the  exact  location  of  which  is  not  known : 
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Record  of  driUing  for  the  Etherly  Coal  Company,  near  Etherly,  T.  12  N.t 

R.  S  E ,  Knox  County,  Illinois. 


Description  of  Strata 


Quaternary  system — 

Pleistocene  and  Recent — 

Qay,  yellow 

Pennsylvanian  system — 
McLeansboro — 

Sandstone^ 

Shale,  light 

"Soapstone" 

Limestone,  blue 

Qay. 

Carbondale — 

Coal  (No.  6)  

Clay. 

'*Slate" 

Limestone 

"Soapstone" 

Shale,  dark 

Shale,  black 

"Slafe" 

Coal      ] 

"Slate"  [(No.  5  coal?) ' 

Coal      j 

Shale,  light 

Clay 

Shale,  light 

Limestone ..'. 

Shale,  dark....* 

Clay,  fine.— 

"Soapstone,"  black 

Limestone 

"Soapstone,"  black 

Limestone 

"Slate".- 

Qay.-.^ 

Coal  (No.  2) 

Pottsville— 

Clay.« 

Limestone 


Ft, 


33 


9 
3 

16 
1 


7 

5 

14 

30 

18 

6 


12 
5 

34 
2 

14 
8 

17 
1 
2 

S 

3 

1 


cness 

De 

in. 

ft. 

— 

33 

42 

«»-• 

45 

*a~> 

61 

3 

62 

6 

62 

2 

66 

6 

67 

7 

78 

•••• 

83 

■  aaa 

97 

•  •>> 

127 

«••■ 

145 

4 

151 

11 

152 

«••* 

154 

8 

154 

1 

167 

•~— ■ 

172 

Ma*a 

206 

■  •*■ 

208 

•••• 

222 

•  »• 

230 

•  w» 

247 

•  •w« 

248 

•  •-• 

250 

4 

250 

8' 

256 

9 

256 

6 

260 

8 

261 

3 

262 

tn. 


3 
9 

11 

5 


4 

3 

3 

11 


9 

3 

11 
2 


Of  the  coals  listed  above,  it  is  probable  that  the  one  at  62  feet  9 
inches  is  No.  6  coal  and  the  one  at  256  feet  9  inckes,  No.  2.  No.  5 
coal  does  not  seem  to  be  present,  though  it  may  be  represented  by  the 
thin  coals  at  151  feet  4  inches,  and  154  feet  3  inches.     The  interval 
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between  No.  2  and  No.  6  in  this  drilling,  namely,  190  feet,  is  about 
the  same  as  it  is  in  Fulton  County. 

A  boring  near  Dahinda  in  Persifer  Township  penetrated  strata 
to  a  depth  of  220  feet,  beginning  apparently  about  30  feet  above  the 
level  of  No.  2  coal.  No  coal  was  encountered  below  No.  2.  The  record 
is  reproduced  below. 

Record  of  a  boring  near  Dahinda,  Knox  County,  on  the  Sargent  farm 

Drilled  19 IJ^ 


Description  of  Strata 


Quaternary  system — 

Pleistocene  and  Recent — 

Clay,  sandy. 

Sand  and  graveL_ 

Sand,  gray 

Sand 

Pennsylvanian  system — 
Carbondale? — 

Coal,  soft  drifL 

Shale,  light 

Coal  (No.  2?) 

Potts  ville? — 

Fire  clay 

Sandstone,  light-. 

Shale,  sandy,  light  gray. 

Shale,  light 

Sandstone,  gray. 

Sandstone,  light.. 

Sandstone,  gray. 

Shale,  sandy,  gray 

Shale,  dark 

Fire  clay 

Shale,  dark 

Fire  clay. 

Shale,  sandy,  gray. 

Shale,  dark 

Limestone,  dark— 

"Slate,"  dark 

Shale,  light  sandy 

Sandstone,  light— 

Sandstone,  hard,  white... 

Shale,  gray 

Shale,  light,  sandy._ 

Sandstone,  light. 

Shale,  light,  sandy.— 


Thickness 

Ft. 

in. 

6 

3 

6 

13 

•«»• 

1 

6 

2 

8 

3 

5 

2 

9 

2 

11 

7 

14 

•««• 

4 

10 

57 
10 

8 
6 

11 

••». 

1 

4 

1 

2 

•••• 

9 

2 

1 

4 

10 

11 

2 

2 

•■•• 

13 

•••. 

1 

4 

3 

6 

4 

.... 

7 

2 

11 

2 

8 

•«»• 

3 

6 

1 

4 

Depth 


Ft. 

6 

9 

22 

24 


26 
30 

32 

34 
46 
60 
65 
122 
133 
144 
145 
147 
148 
149 
154 
165 
167 
180 
182 
185 
189 
196 
207 
215 
219 
220 


in. 


6 
6 


8 

1 

10 

10 
5 
5 
3 

11 
5 
5 
9 

11 
8 
9 
7 
9 
9 
9 
1 
7 
7 
9 

11 

11 
5 
9 


A  boring  in  the  extreme  northeast  corner  of  the  county  shows  a 
total  thickness  of  about  420  feet  of  drift  and  Pennsylvanian  strata.   If 
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the  record  can  be  relied  on,  the  stratigraphic  succession  in  the  locality 
seems  to  differ  considerably  from  that  in  the  southern  part  of  the 
county.  Although  there  is  little  basis  for  the  correlation  of  any  of  the 
coals,  a  tentative  correlation  is  suggested  in  the  record  which  follows : 

Record  of  cocU  prospect  in  sec.  1,  T.  IS  N.,  R.  4  E ,  Knox  County 


Description  of  Strata 


Quaternary  system — 

Pleistocene  and  Recent — 

Clay,  gravel  and  sand. 
Pennsylvanian  system — 
McLeansboro — 

Sandstone,  gray 

"Slate,"  gray..^ 

"Slate,"  dark 

"Slate,"  dark,  gritty... 
Carbondale — 

Coal  (No.  6) 

Fire  clay,  blue 

"Slate,"  light 

Sand  rock,  gray 

"Slate,"  light 

Sand  and  rock,  gray... 

"Slate,"  light.... ..... 

"Slate,"  gritty,  gray ... 

"Slate,"  dark 

"Slate,"  mUd  black..... 

"Slate,"  gritty,  blue... 

"Slate,"  gray 

Coal  (No.  5) 

Fire  clay,  light. 

"Slate,"  gray 

"Slate,"  dark 

Shale,  light 

Sand  rock,  gray 

"Slate,"  light 

Sand  rock,  gray 

"Slate,"  dark.. 

Coal  (No.  4) 

Sand  rock,  gray 

"Slate,"  dark 

Coal  (No.  3) 

Fire  clay,  light.. 

"Slate,"  dark 

"Slate,"  black.-- 

"Slate,"  light 

"Slate,"  dark.... 

Coal  (No.  2) 


Thickness 

Dej 

Ft. 

in. 

Ft. 

36 

— 

36 

9 

45 

9  ■ 

•  •aa 

54 

42 

*•>• 

96 

4 

.... 

100 

4 

100 

2 

9 

103 

2 

■••« 

105 

5 

H  va 

110 

4 

*«•• 

114 

5 

.... 

119 

3 

.... 

122 

43 

.... 

165 

20 

•••• 

185 

22 

8 

207 

4 

••■• 

211 

3 

9 

215 

2 

6 

218 

2 

11 

220 

5 

«*•* 

225 

2 

■  •a* 

227 

11 

•  •«• 

238 

3 

•  ••• 

241 

8 

•  aaa 

249 

12 

•»MW 

261 

1 

8 

263 

1 

10 

265 

2 

6 

267 

6 

S 

274 

••*• 

7 

274 

3 

•••w 

277 

10 

»••■ 

287 

2 

■  ■as 

289 

11 

•  aaa 

300 

16 

6 

317 

1 

1 

318 

in. 


9 
9 
6 

11 

11 

11 

11 

11 

11 

11 

7 

5 

11 

4 

11 

11 

11 

11 

11 

5 

6 
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Record  of  coal  prospect  in  see,  1,  T,  IS  N.,  R.  ^  E.,  Knox  County — Concluded 


Description  of  Strata 


Pottsville — 

Fire  clay,  light 

"Slate/Might 

Sand  rock,  light. 

"Slate,"  dark 

Coal  (No.  1) 

Fire  clay,  dark  blue.« 

Shale,  light 

Rock,  hard,  gritty,  white. 
Lime  shale,  blue. 


Thickness 

Dcp 

Fl 

in. 

Ft. 

1 

5 

319 

3 

•••• 

322 

10 

••-> 

332 

12 

*••« 

344 

■••* 

11 

345 

4 

I 

349 

3 

•v«« 

352 

4 

4 

357 

12 

8 

■  369 

tn. 
11 
11 
11 
11 
10 
11 
11 
3 
11 


The  foregoing  represents  the  information  available  concerning 
coal  in  Knox  County,  aside  from  that  found  in  Volume  IV  of  the 
Geological  Survey  of  Illinois,  which  may  be  briefly  summerized  as 
follows : 

''No.  6  coal  is  found  principally  in  the  eastern  half  of  the  county.  It 
varies  in  thickness  from  4  to  6  feet  and  has  a  blue  band  1%  to  2  feet  from 
the  floor.  The  coal  has  been  worked  probably  entirely  by  wagon  mines,  in 
T.  13  N.,  R.  2  E.,  sec.  36;  in  T.  12  N.,  R.  4.  E.,  sees.  4,  5,  17,  18,  19, 
29,  30,  31  and  32;  in  T.  12  N.,  R.  3  E.,  sees.  1,  10,  11,  18,  19  and  20;  in 
T.  12  N.,  R.  2  E.,  sees.  12,  13,  15,  22,  23  and  24;  in  T.  11  N.,  R.  3  E.,  sees. 
3,  4  and  5;  in  T.  10  N.,  R.  4  E.,  sec.  15;  in  T.  9  N.,  R.  4  E.,  sees.  23,  24,  31, 
and  probably  82  and  33;  and  in  T.  9  N.,  R.  3  E.,  in  see.  35.  The  coal  has 
a  limestone  cap-rock  which  in  places  is  4  feet  thick. 

"The  coal  is  only  found  in  the  higher  portions  of  the  county,  which 
are  principally  in  the  eastern  half,  and  north  of  Spoon  River  in  the  western 
half  of  Victoria  Township,  T.  12  N.,  R.  4  E.,  and  northwest  part  of  T.  12 
N.,  R.  3  E.,  Copley  Township,  and  east  part  of  Sparta,  T.  12  N.,  R.  2  E." 

No.  5  coal  (Worthen  No.  4?)  lies  40  to  60  feet  below  No.  6  and 
commonly  varies  between  3  and  4  feet  in  thickness.  Mines  have  been 
operated  in  this  coal  in  sec.  25,  T.  12  N.,  R.  4  E.,  and  in  sees.  2  and  3, 
T.  13  N.,  R.  1  E.,  possibly  along  Sugar  Creek  in  T.  12  N.,  R.  3  E,. 
sees.  9,  16,  32,  and  along  Middle  Creek  in  T.  11  N.,  R.  2  E.,  and  sec. 
25,  T.  11  N.,  R.  1  E.,  sec.  3,  T.  9  N.,  R.  4  E.,  and  sees.  26  and  27, 
T.  10  N.,  R.  4  E. 

This  coal  underlies  more  of  the  county  than  does  No.  6;  it  is 
probably  present  in  T.  13  N.,  Rs.  2,  3,  and  4  E.,  and  the  eastern  part 
of  R.  1  E. 

No.  2  coal  is  generally  from  1^  to  3  feet  thick  and  of  good 
quality  in  comparison  with  other  coals  in  the  county.  It  has  been 
worked  in  sees.  20,  21,  29,  30,  32,  and  33,  in  T.  12  N.,  R.  1  E. ;  in  sees. 
16  and  23,  T.  11  N.,  R.  2  E. ;  in  sees.  13,  19,  22,  23,  and  35,  T.  11  N., 
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R.  3  E. ;  at  various  places  in  Truro  Township,  T,  11  N.,  R.  4  E.,  along 

Spoon  River ;  in  sees.  8,  16,  19,  29,  T.  10  N.,  R.  3  E. ;  in  sees.  14,  22, 

23,  25,  26,  27,  29,  33,  34,  T.  10  N.,  R.  2  E.    These  operations  are  by 

drifting  or  stripping.    There  were  no  shafts  to  No.  2  when  Worthen's 

report  was  written  in  1870. 

No.  1  coal   (Worthen  correlation)  was  worked  in  one  place  in 

sec.  21,  T.  12  N.,  R.  1  E.,  where  it  is  6  feet  thick.    It  was  worked  by  a 

shaft  30  feet  deep.     This  is  probably  the  same  bed  now  worked  at 

Soperville.  ,,         ^^ 

^  Mine  Notes 

Detailed  information  about  the  mines  in  Knox  County  is  very 
meager.  Four  mines  have  been  visited  by  members  of  the  Survey, 
none  of  which  is  now  in  operation. 

The  following  data  are  available  concerning  these  operations : 

MINE  OF  ALBERT  WALBURG,  KNOXYILLE 

Wagon  mine. 

Entrance:  Shaft,  45  feet  in  depth.  Coal  mined  is  probably  No.  5. 
The  coal  is  cut  by  numerous  vertical  clay  '*veins"  which  pass  into  the  coal, 
some  from  the  floor  and  others  from  the  roof.  A  section  of  the  bed  is 
measured  about  300  feet  southwest  of  shaft,  as  follows: 

Section  of  coal  at  Walburg  mine 

Thickness  Thickness 

of  coal 
Ft.  in.  Ft.  in. 

Roof:   Shale,  black 2 

Sulphur    2 

Coal   1  10       1 

Sulphur     i,i!    V  2  5 

Coal    • 6%    J 

Floor :  Fire  clay 1 

JOHN  D.  YOUNO  MINE,  NEAR  ABINGDON 

Drift  mine,  operating  No.  2  coal,  with  an  average  thickness  of  2  feet, 
but  varies  from  20  to  26  inches.  The  coal  is  bright,  hard,  with  brownish 
streaks.  It  breaks  into  cubical  pieces^  with  a  conchoidal  fracture.  Sulphur 
occurs  in  irregrular  lenses  at  various  places  in  the  bed.  The  following 
section  was  measured  about  100  feet  southeast  of  entrance: 

Section  of  coal  at  Young  mine 

Thickness  Thickness 

of  coal 
Ft*  in.  Ft,  in. 

Roof:     Shale  gray 6 

Coal   1  3 

Sulphur   %    y  1  11% 

Coal   8 

Floor:     Fire  clay 3 


. . 


•  • 


• .  • . 
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The  roof  is  fine  gray  shale/ falling  in  layers  2  to  4  inches  thick.  It 
has  a  thickness  of  6  feet  or  more.  The  floor  is  a  shale  or  fire  clay  at  least 
3  feet  thick. 

MINE  OF  PENDERGAST  BROS.,  AT  SOPERYILLE 

Shaft  120  feet  deep,  to  No.  1  coal.    The  record  of  the  shaft 


Depth 


Entrance: 
is  as  follows: 

Record  of  Pendergaat  shaft 

Thickness 
Ft. 

Drift   10 

"Soapstone,"  gray   85 

"Slate"    2 

Coal    1 

Shale,  blue  7 

Limestone,  white,  flinty 1 

Limestone,  bluish   7 

Coal   (No.  1) 5 

This  is  apparently  No.  1  coal  of  Mercer  and  Rock  Island  counties. 
Another  coal,  about  40  feet  lower,  outcrops  in  places  along  the  creek. 
The  coal  was  measured  in  2d  room  north,  on  the  east  side  of  shaft  about 
75  feet  east  and  100  feet  north  of  opening. 


tn. 


6 
10 


Ft. 

10 

95 

97 

99 

106 

107 

114 

119 


tn. 


6 
4 
4 
6 
6 
6 


Section  of  coal  in  Pender gast  nwne 

Thickness 


FU 

Roof:      Limestone 7 

Coal    

Black  jack 

Coal 2 

Sulphur    

Coal   

Floor:     Fire  clay 4 


tn. 

•  ■ 

7 
2 

•  • 

% 


Thickness 

of  coal 

Ft.  in. 


3 


5% 


MINE  OF  GALVA  MINING  CO.,  NEAR  WATAGA 

Shaft  mine,  68  feet  6  inches  to  the  floor.  Coal  averages  4  feet  in 
thickness,  varying  from  3  feet  4  inches  to  4  feet  2  inches.  The  cap-rock 
is  black  to  gray  shale,  1^^  to  4  feet,  with  a  limestone  cap-rock  3  feet  or 
more  thick.  The  coal  was  measured  at  the  2d  north  entry  about  450  feet 
from  the  shaft. 

Section  of  coal  in  Galva  nvine 

Thickness 


Ft. 

Roof:     Gray  to  black  shale 1 

Coal   1 

Sulphur  and  soft  shale 

Coal   

Shale,  soft  (blue  band?) 22 

Coal   


in. 
6+ 
2 

10 
2 
8 


Thickness 

of  coal 

Ft  in. 


10% 


LOGAN  COUNTY 

Production  and  Mines 

Production  in  tons  year  ending  June  3,  1920 2,263,222 

Average  annual  production  1916-1920. 452,644 

Total  production,  1881-1920 10,130,415 

Logan  County  produced  a  little  more  than  J4  of  1  per  cent  of  the 
total  output  for  Illinois  during  the  year  ending  June  30,  1920,  and 
ranked  twenty-third  in  the  State.  Two  mines,  both  at  Lincoln,  are 
now  being  operated  in  this  county,  one  by  the  Latham  Lincoln  Coal  and 
Mining  Company,  and  the  other  by  the  Citizens  Coal  Mining  Company. 
Table  6  is  a  list  of  the  shipping  mines  and  data  concerning  them. 

SuRFiciAi,  Deposits 

The  rock  succession  in  Logan  County  is  known  only  as  it  is  shown 
by  the  records  of  three  drill  holes  and  of  three  shafts.  The  drill  holes 
are  located  at  Atlanta  and  near  Lincoln  and  the  shafts  at  Lincoln  and 
at  Mt.  Pulaski.  One  of  the  drill  holes  at  Atlanta  does  not  enter  rock, 
although  it  is  151  feet  deep. 

According  to  Worthen^  the  outcrops  in  this  county  are  limited  to 
certain  exposures  of  limestone  along  Salt  Creek  in  T.  19  N.,  Rs.  3  and 
4  W.  Most  of  the  county  is  thickly  covered  by  drift.  In  the  vicinity 
of  Atlanta  the  drift  has  a  known  thickness  of  over  200  feet.^  The 
character  of  the  material  in  the  drift  sheet  is  shown  by  the  following 
record  of  a  drilling  at  Atlanta. 

Log  of  the  well  at  the  waterworks  at  Atlanta^  Illinois 

Description  of  strata 
Quaternary  system —  Thickness     Depth 

Pleistocene  and  Recent —  Feet  Feet 

Soil,  black   3  3 

Clay,  yellow    15  18 

Clay,  blue    10  28 

Sand  and  gravel 10  88 

Clay,  blue  2  40 

Sand  and  gravel 9  49 

Clay,  white,  and  sand 7  56 

Clay,  blue,  with  gas 3  59 

Sand,  white,  and  gravel 10  69 

Sand    6  75 


iGeolQgry  of  ininols.  Vol.  4,  p.  184,  1870. 

2Lieverett,   Frank,  Illinois  Glacial  Lobe:   U.   S.  Geologrlcal  Survey  Mon.   38, 
pp.  205  and  206,  1899. 
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Log  of  the  Atlanta  well — Concluded  Thickness    Depth 

Description  of  strata                                                        Feet  Feet 

Sand,  dry,  and  gravel  with  gas 13  88 

Clay,   blue    4  92 

Clay,  sand,  gravel,  and  gas 16  108 

Hardpan   9  117 

Drift,  black   6  123 

Clay,  white    2  125 

Clay,  green   4  129 

Hardpan   10  139 

Gravel   and  water 12  141 

A  less  detailed  record  of  another  boring  at  Atlanta  shows  that  the 
drift  has  a  thickness  of  at  least  217  feet  in  this  vicinity. 


Record  of  a  coal  prospect  near  Atlanta,  Illinois 

Description  of  strata 

Quaternary  system —                                                              Thickness  Depth 

Pleistocene  and  Recent —                                                          Feet  Feet 

Soil    3  3 

Clay,   yellow    17  20 

Clay,  blue 50  70 

Hardpan    55  125 

Drift,  black   8  133 

Clay,  green    7  140 

Hardpan    30  170 

Gravel  with  water 2  172 

Gravel  and  sand,  cemented 18  190 

Sand  and  gravel  with  water 3  193 

Clay  and  gravel  and  sand 14  207 

Loam,   yellow    4  211 

Sandstone,  yellow 1  212 

Clay,  soft,  pink 5  217 

Pennsylvanian  system — 

"Soapstone"    3  220 

Limestone    1  221 

Fire  clay    : 3  224 

Limestone(?) 53  277 

Shale  with   clay 40  317 

"Slate"    7  324 

Coal    (No.   5?) 4  328 

Fire  clay   1  329 

Limestone    1  330 

As  the  northern  part  of  the  county  is  crossed  by  a  glacial  moraine, 

the  drift  is  thicker  there  than  it  is  in  the  southern  part.    At  Lincoln 
and  Mt.  Pulaski  records  show  that  the  glacial  covering  is  generally 
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between  75  and  100  feet  deep.  Because  of  the  difficulties  attendant 
upon  sinking  shafts  through  unconsolidated  material  the  desirability  of 
given  areas  for  mining  operations  becomes  less  as  the  thickness  of  the 
drift  increases.  Accordingly  the  exploitation  of  the  coal  resources  of 
the  northern  part  of  Logan  County  will  probably  be  greatly  delayed 
with  respect  to  the  development  of  the  southern  part,  especially  as  the 
character  and  thickness  of  the  coal  is  apparently  as  good  in  the  south- 
em  portion  as  it  is  in  the  northern. 

COAL-BEARTNG    RoCKS 

The  character  of  the  coal-bearing  strata  of  the  county  is  known 
from  the  record  of  the  Atlanta  coal  prospect  given  above,  and  the  few 
outcrops  noted  above,  and  from  the  following  records  of  three  other 
holes: 


Record  of  the  shaft  of  the  Citizens  Coal  Mining  Company, 

Lincoln,  Illinois 


Description  of  Strata 


Quaternary  system — 

Pleistocene  and  Recent — 

Soil  and  clay 

Drift._ 

Qay,  blue 

Hardpan....* 

Sand  and  water 

Sand  and  hardpan  (water). 

Gravel,  coarse 

Hardpan 

Pennsylvanian  system — 
McLeansboro — 

Fire  clay 

Limestone,  impure 

Shale,  black 

Fire  clay 

Clay,  red  and  white._ 

Fire  clay 

"Conglomerate" 

"Slate,"  brown... 

"Slate,"  black- 

Coal  (No.  7) 

Fire  clay 

Sandstone,  blue 

"Slate,"  black._ 


Thickness 


ft. 


18 
3 
8 

16 

16 

24 

3 

1 


3 
20 

1 

2 
12 

2 
12 
30 

4 

1 

10 
22 

1 


tn. 


5 
5 


Depth 


Ft. 


18 
21 
29 
45 
61 
85 
88 
89 


tn. 


5 


92 

10 

112 

10 

114 

3 

116 

3 

128 

3 

130 

3 

142 

3 

172 

3 

176 

3 

177 

8 

187 

8 

209 

8 

210 

8 
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Record  of  the  shaft  of  the  Citizens  Coal  Mining  Company — Concluded. 


Description  of  Strata 


Carbondale — 

Coal  (No.  6?) 

Fire  clay 

Sandstone,  blue... 

"Soapstone" 

Rock,  fine  blue 

Shale,  blue 

Limestone 

"Slate,"  black...... 

Coal  (No.  5) 


Thickness 

Depth 

Ft. 

in. 

Ft. 

in. 

m 

1 

•«•« 

211 

8 

3 

5 

215 

18 

•«•* 

233 

3 

•**■ 

236 

7 

••«* 

243 

18 

•••• 

261 

1 

6 

262 

3 

4 

265 

11 

5 

2 

271 

Record  of  a  boring  for  oil  in  the  NE.  %   sec.  S,  T,  19  N.,  R  2  W,, 

Logon  County 


Description  of  Strata 


Quaternary  system — 

Pleistocene  and  Recent — 

Soil y 

Gravel 

Quicksand.. 

Clay  and  sand  in  streaks 

Pennsylvanian  system — 

Limestone,  shelL 

Shale,  sandy. 

Shale,  blue,  mucky 

(Quicksand  and  water 

Shale  (mud),  blue 

Limestone,  hard,  flinty  (Lonsdale?).., 

Shale,  red,  sandy. 

Shale  ("marrow"?),  blue 

Limestone,  shell... 

Shale,  red 

Shale  ("marrow"?),  blue 

Limestone,  shell— 

Shale,  white 

"Slate,"  blue.„_ 

Limestone,  shell.. 

Coal,  (No.  5) 

Shale,  white 

Shale,  blue 

Shale,  white 

Limestone,  shell 

Shale,  black. 

"Slate,"  blue..^_ 

"Slate,"  white 

Limestone,  white;  water 
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Record  of  a  boring  for  oil  in  the  NE.  %  see.  3,  T.  19  N.,  R.  2  W,, 

Logan  County — Concluded 


Description  of  Strata 


«( 


€€t 


"Slate,"  white 

"Slate,"  sandy,  black 

Shale,  white 

Shale,  blue 

Shale,  white 

'Slate,"  blacL„__ 

'Slate,"  white 

Shale,  dark.^ 

"Slate,"  white 

Shale,  black. 

Sand,  black;  gas  and  water 

"Slate,"  white 

Coal 

Shale,  blue 

"Slate,"  white 

Shale,  black,  sandy 

Shale,  white 

Mississtppian  system — 

Limestone. 

Sandstone 

"Slate,"  white;  streaks  of  limestone 

Limestone. 

Sandstone;  salt  water 

Limestone 

Shale,  sandy. 

"Cap  rock".... 

Sand,  gas 

"Caprock".-_ 

Limestone,  hard  and  soft  layers 

Shale,  sandy,  dark— 

"Cap  rock" 

Sandstone;  salt  water 

"Soapstone"... 

Shale,  dark 

•Cap  rock,"  hard.... 

'Cap  rock" 

Sandstone,  dark.. 

Sandy  shale,  dark 

"Caprock"._ 

Sandstone;  gas. 

Rock,  very  hard 


t*i 


t*i 


Thickness 


Ft. 
101 

5 
98 

2 

5 
30 

5 
12 
33 
IS 
10 

4 

20 
12 
14 
10 

25 
3 

18 

20 
8 
4 
5 
1 
1 
7 

81 
3 
3 

14 
1 
3 
1 
2 

1 
1 


8 


tn. 


6 
6 


6 
6 


4 
4 


Depth 


ft. 
420 
425 
523 
525 
530 
560 
565 
577 
610 
625 
635 
639 
639 
660 
672 
686 
696 

721 
724 
742 
762 
770 
774 
779 
780 
782 
789 
870 
873 
876 
890 
891 
894 
895 
897 
897 
898 
899 
899 
907 


tn. 


4 
4 
4 
8 
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Record  of  a  cocU  mine  shaft.  Mount  PulcLskit  IlUnoisi 


Description  of  Strata 


Quaternary  system — 

Pleistocene  and  Recent 

Drift  clay  and  gravel 

Pennsylvanian  system — 

Shale,  sandy 

Limestone 

Fire  clay 

"Slate,"  gray 

Shale,  sandy. 

Limestone 

Shale,  black.. 

Coal  (No.  8?) 

Fire  clay 

Shale,  clay. 

Shale,  gray,  sandy.^ 

Limestone,  conglomeratic. 

Shale,  clay 

"Slate,"  black.- 

Coal 

Fire  clay 

"Slate,"  bUck. 

Coal 

Fire  clay 

Shale,  reddish.. 

Sandstone 

Shale,  sandy,  clay 

Limestone,  black 

Coal  (No.  5) 

Fire  clay 


Thickness 

De 

Ft. 

in. 

Ft. 

92 

— 

92 

20 

112 

1 

.... 

113 

1 

6 

114 

20 

.... 

134 

40 

■  a  a* 

174 

2 

176 

1 

177 

1 

6 

179 

2 

181 

4 

185 

60 

.... 

245 

15 

260 

2 

262 

1 

263 

.... 

6 

263 

••** 

6 

264 

10 

264 

.... 

4 

265 

8 

265 

10 

275 

30 

305 

30 

335 

8 

343 

4 

347 

4 

351 

tn. 


6 
6 
6 
6 
6 


10 
2 

10 
10 
10 
10 
10 
10 
10 


^he  foregoing  records  differ  so  much  from  one  another  that  it  is 
impossible  to  make  a  generalization  that  is  of  much  value  in  regard  to 
rock  succession  in  the  county.  The  only  workable  coal  in  the  section, 
however,  seems  to  be  No.  5,  at  least  under  present  conditions.  The 
only  drill  hole  penetrating  the  horizon  of  No.  2  coal  is  the  oil  prospect, 
and  as  this  was  drilled  by  a  churn  drill,  the  details  are  not  to  be  relied 
upon  for  accuracy.  The  absence  of  a  coal  which  can  be  correlated  with 
No.  2  in  this  record  is  of  no  great  significance. 


iGeologlcal  Survey  of  Illinois,  Vol.  8,  p.  51,  1890. 
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Mine  Notes 
mine  op  the  citizens  coal  mining  company,  at  uncoln 

Entrance:     Shaft;  266  feet  to  the  top  of  No.  5  coal. 

Thickness  of  coal:  Averages  5  feet  2  inches;  maximum  observed, 
6  feet. 

Character  of  the  coal:  The  bed  lies  in  a  single  bench  with  no  per- 
sistent partings.  It  contains  a  few  thin  streaks  of  mother  coal  or  "black- 
jack" (pyritized  mother  coal),  commonly  less  than  ^  of  an  inch  in  thick- 
ness. Pyrite  lenses  and  balls  are  uncommon  in  the  coal.  Horsebacks  are 
numerous  and  vary  in  width  from  mere  cracks  with  pyrite  filling  to  open- 
ings 3  to  4  Inches  in  width,  filled  with  clay.  Rarely  the  horsebacks  or 
clay  slips  are  as  much  as  2  feet  across.  As  a  general  thing  the  clay  veins 
do  not  seem  to  be  quite  so  hard  and  difficult  to  handle  as  are  those  in 
some  of  the  mines  in  the  Peoria  region.  However,  the  expense  of  the  dead 
work  produced  because  of  the  presence  of  the  clay  vein  is  a  considerable 
handicap  against  the  profitable  operation  of  this  mine. 

Character  of  the  roof:  The  immediate  roof  is  a  black  shale  which  in 
places  is  hard  and  sheety,  carrying  niggerheads.  Over  much  of  the  mine, 
however,  the  black  shale  is  more  massive,  softer  and  thicker,  and  tends 
to  break  out  in  chunks  rather  than  in  sheets.  This  sort  of  roof  is  difficult 
to  hold,  especially  as  the  limestone  cap-rock  is  also  thin  or  absent  at  these 
places.  The  cap-rock  is  a  thin  gray  to  whitish  limestone,  discontinuous 
in  distribution  and  varying  considerably  in  thickness,  but  generally  present. 
Where  the  black  ''slate"  is  hard,  sheety,  and  about  3  feet  thick,  the  cap- 
rock  is  generally  believed  to  be  present,  and  to  be  thicker  and  harder  than 
elsewhere,  possibly  12  to  15  inches  thick.  That  this  is  actually  the  case 
must  be  inferred  from  the  few  places  where  the  "slate"  has  been  taken 
down,  as  under  ordinary  conditions  it  does  not  fall  so  that  the  roof  can 
be  seen.  Elsewhere  the  limestone  is  more  clayey,  softer,  thinner,  and  in 
places  entirely  absent. 

Between  the  coal  and  the  better  "slate"  roof  there  is  generally  a 
%-ineh  sheet  of  pyrite,  which  sticks  to  the  roof  rock  and  remains  up. 
Where  the  pyrite  is  present  in  this  manner,  the  roof  is  easier  to  hold; 
and  the  absence  of  the  pyrite  band  generally  indicates  that  roof  conditions 
will  be  bad. 

Character  of  the  floor:  Underclay  lies  beneath  the  coal.  It  has  not 
been  penetrated  but  is  known  to  be  5  to  6  feet  thick  in  places.  The  clay 
heaves  some  when  it  is  wet. 

The  mine  encounters  some  difficulty  in  handling  the  water  that  enters 
the  shaft  from  a  gravel  bed  45  to  61  feet  from  the  surface,  as  shown  in 
the  record  given  above.  It  is  evident  that  this  water  was  not  properly 
sealed  off  at  the  time  the  shaft  was  sunk. 

MINE  OF  THE  LATHAM  LINCOLN  COAL  COMPANY,  AT  UNCOLN 

Entrance:     Shaft;  280  feet  to  No.  5  coal. 

Thickness  of  coal:  Varies  from  4  feet  8  inches  to  5  feet  3  inches; 
averages  5  feet. 
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Sections  of  the  coal: 

SECTIONS  OF  NO.  5  COAL  IN  MINE  OF  LATHAM  UNCOLN  COAL  COMPANY, 

UNCOLN,  ILUNOIS 

Section  1 — Room  S,  off  first  stub  off  straight  south  entry 

Thickness 

Ft  hi. 

Roof:    Black  shale 

Coal,  clean,  hard 5 

Mother  coal,  soft % 

Coal,  dirty  2  4 

Pyrite    % 

Coal,  clean  and  bright 3 

Pyrite  lens % 

Coal,  dirty,  bright 1  10% 

5  0 


Section  ^ — Room  1,  off  second  right  off  straight  east  entry 

Thickness 

Ft.  tn. 

Roof:    Black  shale 

Coal,  dean,  bright,  hard 3 

Mother  coal   % 

Coal,   fairly  clean. 2  4% 

Mother  coal   . . , ^ 

Coal,  dirty  « 5% 

Pyrite    Jl ^. 

Coal,  very  dirty 1  9 

3  10% 


Section  S — Room  2,  off  second  stub  off  third  right  off  north  entry  i 

Thicloiess 
Ft.  in. 

Roof:   Black  slate   

Pyrite    % 

Coal,  fairly  clean  and  hard 2  % 

Mother  coal   % 

Coal,  dirty  2 

Pyrite    1 

Coal,  dirty  1  3% 

Coal,  bony  (pyrite  and  black  jack) 2% 

Coal,  very  dirty 1  2% 

Floor:  Underclay  


•  • 


5  % 


lU.   S.  Bureau   of  Mines  Bull.   22,  p.   497. 
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Section  4 — 1,600  feet  N.  E.  of  shaft,  room  1,  tkird  entry  off  main 
cross  entry  on  the  northwest  aide '  ThickneSB 

Ft.  in. 

Roof:  Shale  

Coal    10 

Sulphur     H 

Coal   3  6 

Sulphur H 

Coal   6 

Floor:    Shale    

~  lOH 


0  1 2 S 

SBikloM 

Fig.  7. — Sketch  of  a  clay  vein  ("horseback")   in  the  Latham-Lincoln  Coal 
Company's  mine  at  Lincoln. 

Section  6 — 1,500  feet  southeast  of  shaft  in  room  11  off  the  third 

south  stub  Thickness 

Ft.  in. 

Soof :  Shale  

Coal    ihi 

Shale % 

Coal   9 

Sulphur « 

Coal   3  8 

Floor:   Shale  . . 

— — -  ~i  10^ 

lOp.    clt. 
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Character  of  the  coal:  The  coal  lies  in  a  single  bench  with  no  per- 
sistent impurities.  There  are  thin  mother-coal  partings  and  the  lower  2 
inches  of  the  bed  in  places  contains  bony  coal.  There  is  very  little  pyrite 
present.  Usually  also  the  top  2  inches  of  the  coal  is  bony.  Clay  veins 
or  ''horsebacks"  are  rather  numerous.  The  accompanying  reproduction  of 
a  sketch  of  one  of  the  clay  veins  (fig.  7)  shows  the  way  in  which  it  plays 
out  in  the  roof  shale. 

Character  of  the  roof:  The  roof  is  a  carbonaceous  and  sheety  black 
"slate/'  commonly  about  8  feet  thick.  Above  the  ''slate''  is  a  few  inches 
of  dark  shale  or  clod  upon  which  lies  the  cap-rock.  This  is  a  dark-gray 
fossiliferous  limestone,  the  bottom  of  which  is  nodular  and  uneven.  The 
thickness  of  the  cap-rock  averages  8  to  10  inches,  but  varies  from  1  to  18 
inches.  Overlying  the  cap-rock  there  is  usually  soapstone  or  gray  shale. 
At  the  base  of  the  black  "slate"  and  in  contact  with  the  coal  there  is 
usually  a  shell  of  pyrite  2  to  3  inches  thick.  This  generally  stays  upi 
forming  a  good  roof.  Niggerheads  are  common  along  the  contact  of  the 
coal  and  "slate." 

Character  of  the  floor:  The  fire  clay  is  said  to  be  12  feet  thick.  It 
slakes  in  the  air  and  heaves  when  wet. 

MINE  OF  MT.  PULASKI  COLLIERY  COMPANY   (ABANDONED) ,  AT  MT. 

PULASKI,   ILLINOIS 

Entrance:  Shaft  365  feet  deep.  Figure  possibly  refers  to  depth  to 
the  top  of  No.  5  coal. 

Thickness  of  coal:  Varies  from  3  feet  6  inches  to  4  feet  4  inches, 
averaging  4  feet. 

Section  of  the  coal: 

Secticni  of  No.  5  coal  in  mine  of  the  Mt.  Pulaski  Colliery  Company, 

Mt,  Pulaski,  Illinois 

m 

Room  9  off  hack  east  entry  off  main  south;  200  feet  from  shaft 

Thickness 
Ft.  in. 

Coal    1  9 

Pyrite    1% 

Coal   1 


■   • 


2  10% 

Character  of  the  coal:  The  coal  is  all  fairly  hard  and  blocky.  Pyrite 
is  present  in  regular  streaks  but  is  fairly  common.  Clay  veins  or  "horse- 
backs" are  numerous,  varying  in  thickness  from  2  inches  to  2  feet. 

Character  of  the  roof:  The  roof  is  black  "slate"  up  to  4  feet  in  thick- 
ness. 

Character  of  the  floor:  The  underclay  beneath  the  seam  is  said  to  be 
10  feet  thick.    It  tends  to  heave  somewhat. 


McLEAN  COUNTY 
Production  and  Mines 

Production  in  tons,  year  ending  June  30,  1920 43,357 

Average  production,  1916-1920 71,308 

Total   production,    1881-1920 5,478,350 

McLean  County  ranked  37th  in  1920,  having  a  total  production  of 
about  0.05  per  cent  of  the  entire  output.  The  output  was  from  one 
mine,  that  at  Bloomington.  The  Colfax  mine  reported  no  production. 
Table  6  gives  data  concerning  both  mines. 

SuRFiciAL  Deposits 

Like  most  of  the  counties  in  central  Illinois,  McLean  County  is 
covered  by  glacial  drift,  and  in  this  county  its  thickness  averages  prob- 
ably over  200  feet.  Leverett^  makes  the  following  statement  concern- 
ing the  thickness  of  the  drift : 

''The  drift  is  of  great  depth,  averaging  probably  over  200  feet. 
Records  of  ten  deep  borings  were  obtained  which  reach  rock  at  an  average 
of  155  feet;  but  twenty-one  others  have  an  average  depth  of  174  feet 
without  entering  rock.  The  drift  is  apparently  thinnest  in  the  northern 
part  of  the  county,  where  rock  is  struck  at  about  100  feet.  The  drift  in 
the  central  and  southern  portions  has  a  depth  of  200  to  250  feet.  Buried 
soils  are  found  at  two  or  more  horizons  at  depths  usually  of  100  feet  or 
more,  but  on  the  plain  outside  the  morainic  system  a  soil  occurs  at  40 
feet  or  less.  The  drift  above  the  first  buried  soil  is  usually  a  soft  blue 
till.  At  greater  depths  the  till  is  frequently  found  to  be  very  hard,  as  in 
the  neighboring  counties  to  the  north  and  northeast,  already  discussed. 
In  some  of  the  deep  borings  a  large  amount  of  sand  and  gravel  is  found 
in  the  lower  part  of  the  drift.  Many  wells  have  been  sunk  to  a  depth  of 
150  to  200  feet  in  order  to  reach  the  water-bearing  beds  beneath  the  blue 
till,  there  being  only  a  small  amount  of  water-bearing  gravel  interbedded 
with  the  blue  till." 

Coal-bearing  Rocks 

Because  of  the  thick  covering  of  glacial  material  and  the  con- 
sequent lack  of  outcrops,  the  geology  of  the  coal -bearing  rocks  can  be 
determined  only  by  borings  or  shafts.  The  only  available  information 
of  the  sort  is  the  record  of  two  drill  holes  at  Saybrook,  and  three  drill 
or  shaft  records  at  Bloomington.  The  record  of  a  deep  boring  for  oil 
at  He)rworth  is  too  generalized  to  be  of  service  in  these  studies. 

Such  of  these  records  as  are  not  confidential  are  reproduced  here- 
with. 


iLeverett,  Frank,  Illinois  Glacial   Lobe:  U.   S.  Qeologlcal  Survey  Mon.   38, 
p.    693,    1899. 
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Record  of  the  shaft  of  the  Bloomington  Coal  Company^ 

Description  of  Strata  Thickness 

Quaternary  system —  Ft. 
Pleistocene  and  Recent — 

Surface  soil  and  brown  clay 10 

Clay,   blue    40 

"Hardpan,"  gravelly    60 

Moldy  black;  pieces  of  wood,  etc 13 

"Hardpan"  and  clay  89 

Moldi  black,  etc 6 

Clay,  blue  34 

Quicksand,  buff  and  drab ;  fossils 2 

Pennsylvanian  system — 
McLeansboro — 

Shale,  clay  16 

Sandstone   32 

Shale,  clay  1 

Coal  (No.  6  or  7)  4 


Depth 
Ft. 

10 

50 
110 
123 
212 
218 
252 
254 


270 
302 
303 
307 


Record  of  the  shaft  of  the  McLean  County  Coal  Company, 

Bloomington,  Illinois. 


Description  of  Strata 


Quaternary  system — 

Pleistocene  and  Recent — 

Surface  soil  and  gravel 

Clay,  blue 

Sand  (water) 

Qay,  blue 

Pennsylvanian  system — 

McLeansboro  and  Carbondale — 

"Soapstone" 

Limestone 

Qay,  blue 

Clay,  yellow 

Shale 

Sandstone,  soft,  gray. 

Limestone,  hard,  conglomerate 

"Soapstone" 

Coal  (No.  7?) 

Fire  clay 

Sandstone,  gray 

"Soapstone" 

Shale,  dark. 

"Soapstone" 

Fire  clay 


iGeoI.  Survey  of  Illinois^  Vol.  IV,  pp.  178  and  186. 
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Record  of  the  shaft  of  the  McLean  County  Coal  Company — Concluded 


Description  of  Strata 


Shale,  gray 

Shale,  black  ("slate") 

Coal  (No.  5U 

Fire  clay 

"Slate" 

Fire  clay 

Sandstone 

"Soapstone" 

Shale,  black  ("slate") 

Fire  clay 

"Sulphur"  rock 

Shale,  gray 

Shale 

Limestone,  hard 

Shale,  gray 

"Soapstone" 

Coal  (No.  2) 

Pottsville— 

"Soapstone,"  coal,  and  "slate" 


Thickness 

ft. 

in. 

22 

«■*■ 

.  5 

>•>■ 

4 

4 

10 

*«•• 

3 

•>>• 

4 

6 

20 

6 

62 

5 

2 

7 

1 

7 

1 

2 

11 

1 

1 

.  2 

2 

1 

2 

8 

6 

8 

3 

8 

25 

Depth 


ft. 

374 
379 
383 
393 
396 
400 
421 
484 
486 
488 
489 
500 
501 
503 
506 
512 
516 

541 


tn. 
1 
1 
5 
5 
5 

11 
5 

10 
5 

2 
3 
5 
6 
2 

10 
6 


Record  of  a  drilling  near  Say  brook,  in  the  SE.  ^4  NW,  %,  see.  28, 

T   23  N.,  R.  G  E, 


Description  of  Strata 


Quaternary  system — 

Pleistocene  and  Recent — 

Soil,  darL 

Clay,  blue 

Gravel 

Gay,  blue 

Clay,    blue,    with    some   sand    and 

pebbles 

Sand,  coarse,  with  some  clay 

Gravel,  coarse,  mixed  with  sand 

Clay,  hard,  and  gravel 

Quicksand.- 

Clay,  blue 

Clay,  hard,  and  gravel 

Sand  and  gravel;  water 

Sand,  coarse,  gray 

Qay,  soft,  blue.- 

Sand  and  fine  gravel 

Sand  and  gravel,  cemented 

Sand,  fine,  with  small  boulders 

Sand,  soft 

Sandy  coarse,  red 


Thickness 


ft. 

4 

2 

2 

20 


tn. 


10 

---• 

38 

12 

50 

45 

.... 

95 

55 

.... 

150 

3 

.... 

153 

4 

.... 

157 

36 

6 

194 

3 

•  aaa 

197 

11 

■  ■*■ 

208 

1 

aa*« 

209 

2 

-  -■« 

211 

12 

.... 

223 

11 

«-  >• 

234 

1 

6 

235 

2 

6 

238 

Depth 


ft. 

4 

6 

8 

28 


tn. 


6 
6 

6 
6 
6 
6 
6 
6 
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Record  of  drilling  near  Saybrook — Concluded 


Description  of  Strata 


Pennsylvanian  system — 

Sandstone,  soft,  red 

Limestone. 

"Soapstone"  and  shale 

Shale,  black,  and  coaL_ 

Shale ^ 

Limestone....^ 

Shale,  blue 

Shale,  with  streaks  of  limestone.... 

Shale,  dark 

"Soapstone" 

Shale 

Shale,  with  spots  of  limestone.. 

Limestone,  hard 

Limestone  and  shale 

Shale 

Shale  and  sandy  shale 

Shale,  blue,  tough 

Shale,  soft,  in  loose  layers 

Shale,  black,  and  coal 

Coal  (No.  7?) 

Clay,  soft 

Shale,  with  some  sandy  shale 

Sandstone 

Shale,  sandy,  gray. 

Shale,  black 

Shale,  dark,  with  limestone  bands 

Limestone,  hard,  fine 

Coal  (No.  6?) 

Shale,  clay 

"Soapstone" 

Shale,  clay,  bluish 

Shale,  bluish,  soft 

Shale,  gray,  hard 

Coal,  cannell 

Coal      /^No.  5?) 

Fire  clay  and  shale 


Thickness 


Ft. 


10 

16 

6 

14 

1 

3 

4 

14 

IS 

8 

19 

51 

8 

7 


94 
6 
2 
1 
5 

1 

5 
3 

14 
16 
2 
5 
3 
6 


tn. 


8 
9 
6 

7 
6 


6 

6 

7 

4 
6 
8 


6 
6 


9 
4 

8 


Depth 


Ft, 

239 
239 
250 
250 
266 
267 
274 
288 
289 
292 
296 
310 
326 
334 
353 
404 
413 
420 
420 
422 
423 
517 
523 
525 
526 
532 
532 
533 
538 
541 
555 
571 
574 
579 
582 
589 


tn. 


8 

5 

11 

11 

6 


6 
6 
6 


6 
6 
1 
1 
5 
11 
7 
7 
7 
7 
7 
1 
7 
7 
7 
7 
7 
7 
4 
8 
8 
4 


Thd  interpretation  of  the  records  is  practicable  to  a  certain  extent. 
The  lowest  coal  at  Bloomington,  at  512  feet  10  inches,  is  No.  2  coal,  or 
the  same  bed  that  is  mined  in  the  Long^all  field.  The  middle  bed  at 
379  feet  is  No.  5  or  Springfield  coal.  Both  of  these  beds  are  worked 
in  the  McLean  County  Coal  Company's  mine  at  Bloomington.  The 
upper  coal  at  285  feet  is  either  No.  6  or  No.  7  coal,  but  the  probabilities 
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Fig.  8. — Graphic  sections  showing  the  Pennsylvanian  succession  at  La  Salle, 

Bloomingrton,  and  an  intermediate  point. 
1.    La  Salle  2.    Toluca.  3.    Bloomington. 
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seem  to  be  that  it  is  No.  7,  although  Worthen  regarded  it  as  No.  6. 
It  seems  probable  that  this  upper  bed  is  the  same  as  the  upper  bed  at 
La  Salle,  which  is  considered  to  be  No.  7.  North  from  Bloomington 
the  Pennsylvania!!  section  resembles  closely  the  section  in  the  La  Salle 
field  west  of  the  La  Salle  anticline  as  may  be  noted  from  a  comparison 
of  the  accompanying  graphic  sections  (fig.  8)  showing  the  succession 
at  La  Salle,  Bloomington,  and  an  intermediate  point,  Toluca. 

The  coals  encountered  in  the  drilling  at  Saybrook  can  not  be 
definitely  identified,  as  neither  the  thickness  nor  the  intervals  between 
the  coals,  or  the  associated  strata  are  characteristic.  The  writer  is 
inclined  to  regard  the  lowermost  coal  and  overlying  cannel  coal  as 
No.  5  coal,  and  possibly  the  other  two  coals  are  No.  6  and  No.  7, 
respectively,  in  their  order  of  occurrence  above  No.  5.  It  is  unfor- 
tunate that  the  drill  did  not  penetrate  to  a  greater  depth,  as  there  is  a 
possibility  that  there  are  coals  below  590  feet,  which  can  not  be  proved 
without  exploring  the  entire  thickness  of  Pennsylvanian  strata. 

It  seems  quite  probable  that  McLean  County  is  very  largely  if  not 
entirely  underlain  by  three  workable  beds  of  coal.  The  upper  bed  may 
be  eroded  in  places  and  is  probably  not  as  desirable  as  are  the  other 
two  beds.  This  coal  is  probably  No.  7  of  the  Illinois  section,  which  is 
the  same  as  the  Streator  coal  and  the  upper  or  First  Vein  at  La  Salle. 
The  second  bed  is  the  No.  5  or  Springfield  coal,  which  is  the  same  as 
the  Second  Vein  coal  at  La  Salle,  formerly  mined  at  Cherry  and  now 
mined  by  the  Matthiessen  and  Hegeler  Zinc  Company  at  La  Salle.  The 
lowest  bed  is  No.  2  (La  Salle)  or  Third  Vein  coal. 

The  coal  mined  at  Colfax  is  apparently  the  upper  bed,  either 
No.  6  or  No.  7. 

Field  notes  are  available  for  two  mines  in  McLean  County. 

Mine  Notes 
mine  of  the  colfax  coal  company,  at  colfax 

Entrance:     Shaft;  406  feet  deep;  No.  6?  coal. 

Thickness  of  coal:     Varies  from  4  to  6  feet;  averages  o  feet  6  inches. 
Section  of  the  coal: 
Section  of  the  coal  in  the  mine  of  the  Colfax  Coal  Company 

Thickness 
Ft  in. 

Roof :  Gray  shale 

Coal     

Pyrite   and   clay 

Coal    

Pyrite    

Coal    

Floor :  Underclay   

"5  5H 


3 

11% 

% 

11% 

1% 

4 

.       •  • 
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Character  of  the  coal:  The  coal  lies  in  three  benches.  The  bottom 
coal  is  bony  and  dully  with  small  bands  of  shale.  The  middle  11%  inches 
has  a  dull  luster  with  no  shale  bands;  the  upper  3  feet  11%  inches  is  a 
very  bright,  glossy  hard  coal.  The  seam  has  no  regular  bands  of  sulphur 
but  this  impurity  is  present  in  irregular  lenses. 

Although  this  coal  has  been  designated  as  No.  6  by  the  State  inspector, 
it  does  not  possess  the  identifying  characteristics  such  as  the  ''blue  band" 
and  the  limestone  cap-rock  carrying  the  characteristic  fossil  Girtyina 
ventrieosa.  The  coal  also  lacks  the  characteristics  that  might  correlate  it 
with  No.  5,  namely,  the  black  shale  roof  and  ''horsebacks"  or  clay  slips. 
The  conditions  at  Colfax  possibly  resemble  those  found  in  the  mines  at 
Fairbury  and  Pontiac,  the  coal  in  each  of  these  places  being  worked  under 
a  gray  shale  roof.  However,  facts  do  not  warrant  a  definite  correlation 
of  the  Colfax  coal  with  that  at  Fairbury  and  Pontiac.  Furthermore, 
whether  the  Pontiac  coal  should  be  correlated  with  No.  5,  No.  6,  or  No.  7, 
or  with  any  of  these  coals  is  a  question.  The  permanent  closing  of  the 
mine  at  Colfax  will  probably  make  definite  correlation  of  this  coal  impos- 
sible without  considerable  drilling. 


MINE  OF  THE  MCLEAN  COUNTY  COAL  COMPANY,  AT  BLOOMINGTON 

Two  seama,  No,  5  and  No,  2,  are  operated  from  this  shaft, 

NO.  2  COAL 

Entrance:     Shaft;  depth  to  the  coal  513  feet. 

Thickness  of  coal:     Averages  3  feet  8  inches;  the  coal  maintains  a 
very  uniform  thickness. 

Sections  of  the  coal: 

Sections  of  No.  2  coal  in  the  mine  of  McLean  County  Coal  Company ^ 

at  Blooming  ton 

Section  1 — Room  21i  5th  south  off  straight  west  entry 

Thickness 

Ft,  in. 

Roof:  Gray  shale  or  "soapstone" 

Pyrite    % 

Coal,  clean,  hard,  and  bright 9  V^ 

Mother  coal ^ 

Coal,  clean  and  bright 6^ 

Mother  coal   % 

Coal,  fairly  clean 1  3 

Bone    ^, 

Coal,  dirty  5 

Floor:     Dark  underclay 

3  1% 
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Section  2 — Face  of  straight  west  eritry,  7,000  feet  from  shaft 

Thickness 
Ft.  iju 

Roof:  Gray  shale 

Coal,  clean,  bright,  hard 1  4 

Bone  and  pyrite % 

Coaly  clean,  dull,  and  hard 1 

Bone    % 

Coal,  dull,  bony , .  6 

Floor:  Fire  clay 

^  11~~ 

Section  5 — Room  No-  3  off  5th  north  off  main  west  entry, 

7,300  feet  from,  the  shaft  Thickness 

Ft  in. 

Roof:  Black  shale 

Coal,  hard,  clean,  and  bright 10^ 

Mother  coal  and  bone % 

Coal,  clean  and  hard 5 

Mother  Coal   % 

Coal,  clean  and  bright 1  1 

Bone    % 

Coal,  soft,  dirty 6% 

Floor :  Underclay 

^3  6% 

Character  of  the  coal:  The  coal  lies  in  a  single  bench.  It  is  hard 
and  tough,  but  seems  to  be  lighter  and  cleaner  than  the  upper  bed  (No.  5). 
Pyrite  balls  are  rather  common,  but  are  easily  separated  from  the  coal. 
There  are  also  lenses  of  "black  jack,"  which  apparently  consists  of  mother 
coal  impregnated  with  pyrite.  These  lenses  are  about  as  hard  as  pure 
pyrite  nodules.  There  is  a  fairly  continuous  band  of  pyrite  4  to  8  inches 
above  the  bottom  of  the  bed.  This  is  lenticular  in  character,  the  lenses 
thickening  up  to  about  1  inch.  About  1  foot  from  the  top  there  is  a 
streak  of  dirty  coal  4  to  5  inches  thick  in  part  of  the  mine.  The  pyrite 
balls  attain  a  thickness  of  6  to  8  inches  by  24  inches  across,  but  more 
commonly  they  are  1  to  1%  inches  thick  and  6  to  8  inches  across.  This 
coal  is  said  to  be  dry  because  it  does  not  "sweat"  like  the  upper  coal. 

Character  of  the  roof:  The  typical  roof  is  gray  shale,  called  "soap- 
stone,"  which  is  generally  about  10  feet  thick.  In  places,  however,  it  has 
a  thickness  of  20  feet,  and  in  other  places  is  absent,  the  black  "slate" 
which  elsewhere  overlies  it  resting  here  upon  the  coal.  The  "soapstone" 
resembles  in  all  respects  the  shale  roof  of  No.  2  coal  noted  at  La  Salle 
and  in  the  Pottstown  mine  in  Peoria  County.  It  is  a  fine-grained  gray 
shale,  containing  small  nodules,  which  weather  to  a  brownish  color.  The 
black  sheety  shale,  or  "slate,"  also  resembles  its  counterpart  in  the  La 
Salle  and  Peoria  regions.  It  is  about  8  feet  thick  and  in  places  contains 
large  niggerheads  or  limestone  concretions.  The  coal  is  reported  to  be 
somewhat  thinner  under  the  black  "slate"  than  under  the  gray  shale. 
Where  the  shale  overlies  the  coal  and  contains  large  niggerheads,  they 
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may  extend  well  down  into  the  coat,  cutting  it  out  in  a  small  area.  The 
coal  under  the  "slate"  is  spoken  of  by  the  miners  as  being  "depressed," 
as  though  it  had  been  crushed.  There  is  said  to  be  more  pyrite  in  the 
coal  in  this  situation;  this  opinion  could  not  be  verifled,  however,  although 
it  may  be  the  case. 

The  miners  speak  of  the  gray  shale,  overlying  the  black  shale,  as  the 
cap-rock.  There  is  no  true  limestone  or  sandstone  within  a  short  distance 
above  the  coal. 

Character  of  the  floor:  The  underclay  below  the  coal  is  said  to  have 
a  thickness  of  about  3  feet.  This  clay  heaves  somewhat.  The  gob  from 
the  mine  including  the  floor  clay  has  been  used  in  brick  manufacture  by  a 
neighboring  plant  within  recent  years. 


Flc.  9. — Section  of  the  slope  between  No.  2  and  No.  5  coals  in  the  McLean 
County  Company's  mine  at  Bloomington,  showing  diagrammatically  the 
character  of  the  intervening  strata  and  the  cracking  resulting  from 
subsidence. 

NO.  5  COAL 

Entrance:  A  slope  extends  from  the  upper  seam  to  No.  2  coal  down 
ivhich  the  coal  is  run  to  the  shaft,  where  it  is  hoisted  to  the  top.  The 
bottom  of  No.  5  coal  lies  at  a  depth  of  380  feet,  according  to  Worthen,' 
there  being  an  interval  of  about  130  feet  between  the  two  coals.  The 
slope  between  the  beds  shows  the  character  of  the  intervening  strata  and 
the  effect  of  subsidence  is  clearly  shown  in  the  walls.  The  section  as  meas- 
ured roughly  and  the  amount  of  cracking  in  evidence  is  given  herewith 
and  is  shown  diagrammatically  in  Fig.  9. 


lOeoloKlcal  Survey  of  IlllnolB,  Vol.   i,  p.   185.   1 
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Section  of  strata  measured  in  slope  between  No.  5  and  No.  2  coals  in  mine 

of  the  McLean  County  Coal  Company 


Description  of  Strata 


Coal  (No.  5) 

Fire  clay 

Shale  and  sandy  shale 

Shale,  black 

Q>al 

Fire  clay 

Shale,  sandy  and  clay  shale 

Shale,  lime;  few  cracks  near  bottom 

Shale,  gray,  cracked 

"Slate,"  black;  not  cracked 

Shale,  limy;  cracked  slightly 

"Slate,"  black;  few  cracks 

Shale,  gray  (cap-rock);  cracked ». 

"Slate,"  black;  few  cracks 

Shale;  "Soapstone";  cracked 


Thickness 


Fu 

4 

2 

12 


5 

15 
60 
5 
1 
5 
1 

15 

3 

11 


tn. 


11 
1 


Depth 


Ft. 

4 

6 

18 

18 

19 

24 

39 

99 

104 

105 

110 

111 

1?^ 

129 

140 


m. 


II 


The  preceding  section  may  be  compared  with  the  following:  log  of  the 
shaft  between  the  two  coals  as  given  by  Worthen.* 

Section  of  strata  between  No.  5  and  No.  2  coal  encountered  in  the  shaft 

of  the  McLean  County  Coal  Company 


Description  of  Strata 


Coal  (No.  5) 

Fire  clay 

"Slate" 

Fire  clay 

Sandstone 

"Soapstone" 

Slate,  black 

Fire  clay 

Sulphur  rock 

Slate,  gray 

Shale 

Limestone,  hard- 
Slate,  gray _ 

"Soapstone" 

Coal  (No.  2) 


Thickness 


Ft. 

10 
3 
4 

20 

62 
2 
1 
1 

11 
1 
2 
2 
6 
3 


m. 


Depth 


Ft. 


.. 

10 

.. 

13 

6 

17 

6 

38 

100 

103 

104 

104 

116 

2 

118 

1 

120 

8 

122 

8 

129 

8 

133 

m. 


7 

9 

10 

1 
9 
5 
1 


Thickness  of  coal:     Averages  about  4  feet,  varying  from  about  3  feet 
8  Inches  to  4  feet  6  inches.    The  bed  maintains  a  nearly  uniform  thickness. 


lOp.  clt. 
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Sections  of  the  coal: 

Sections  of  No  5  coal  in  the  mine  of  the  McLean  County  Coal  Company, 

Blooming  toni  Illinois 

Section  1 — Face  of  straight  west  entry  Thickness 

Ft.  in. 

Roof:    Black  shale 

Coal,  clean,  hard,  bright 1  6% 

Pyrite    % 


Coal,  clean,  bright,  hard 

Pyrite 

Coal,  clean,  bright,  hard, 

Pyrite    

Coal,  fairly  clean,   hard 


10% 
9 
11 


1% 


Section  2 — Straight  east  entry,  600  feet  from  shaft 

Thickness 

Ft.  in. 

Roof:  Black  "slate'* 

Coal,  bright   1  8 

Sulphur 1 

Coal,  bright 5 

Sulphur    y^ 

Coal,  bright  X  4 

Sulphur    % 

Coal,  dull   3 

Floor:  Fire  clay 


3  9% 

Section  3 — North  side  of  pillar,  150  feet  from  shaft 

Thickness 

FU  in. 

Roof:   Black  "slate"    

Coal,  bright  1  7% 

Sulphur % 

Coal,  bright  . .  4 

Sulphur    % 

Coal,   bright    7 

Sulphur % 

Coal    2 

"Blackjack" % 

Coal,  bright   ' 5 

"Blackjack"    9 

Coal,  bright  9 

Floor :  Underclay   


10% 
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Character  of  the  coal :  The  coal  is  rather  impure  because  of  numerous 
pyrite  streaks  and  plates,  and  numerous  horsebacks.  The  pyrite  plates 
are  commonly  less  than  a  quarter  of  an  inch  in  thickness  and  not  readily 
removed  from  the  coal,  though  an  attempt  to  reject  all  pyrite  is  made. 
None  of  the  pyrite  lies  persistently  at  one  horizon.  The  horsebacks  are 
of  the  usual  sort;  they  are  somewhat  harder  than  those  found  in  the 
Peoria  region,  however,  due  to  the  unusually  high  pyrite  content.  Pyrite 
veins  or  "spar"  veins  are  also  rather  common.  The  coal  is  also  commonly 
impregnated  with  pyrite  for  several  inches  either  side  of  a  clay  or  "spar" 
vein,  so  that  the  percentage  of  coal  discarded  on  account  of  the  horse- 
backs is  high.     In  general,  the  coal  presents  no  unusual  characteristics. 

Character  of  the  roof:  The  immediate  roof  is  a  very  fine  black 
shale,  1  to  7  inches  in  thickness,  which  is  almost  a  cannel  coal.  The  con- 
tact between  the  coal  and  "slate"  is  very  close,  the  upper  part  of  the  coal 
and  the  slate  commonly  being  "frozen"  by  an  intervening  layer  of  pyrite, 
so  that  usually  the  upper  2  to  5  inches  of  the  coal  is  left  in  the  roof.  A 
persistent  layer  of  nodular  limestone  about  1%  inches  thick  lies  above  the 
lower  black  "slate";  overlying  this  another  black  "slate"  about  11  inches 
thick,  containing  streaks  of  limestone.  This  is  overlain  by  dark  gray 
shale,  which  is  black  when  wet  and  which  is  called  "soapstone."  It  is  be- 
tween 1  and  2  feet  thick  and  is  overlain  by  a  hard  gray  shale  known  as 
the  "cap-rock."  There  is  no  very  good  contact  between  the  last-mentioned 
strata  and  it  is  probable  that  they  grade  into  each  other. 

Character  of  the  floor:  The  underclay  of  No.  5  coal  is  2  to  3  feet 
thick.     It  has  no  unusual  characteristics. 


MACON  COUNTY 
Production  and  Mines 

Production  in  tons  year  ending  June  30,  1920 218,820 

Average  annual  production,  1916-1920 252,426 

Total  production,  1881-1920 10,783,991 

In  1920  Macon  County  ranked  twenty-sixth  among  the  counties 
of  the  State,  having  a  coal  production  of  about  .3  per  cent  of  the 
entire  Illinois  output.  There  were  three  shipping  mines  in  operation, 
all  working  No.  5  coal,  two  at  Decatur,  operated  by  the  Macon  County 
Coal  Company  and  the  Decatur  Coal  Company,  and  one  at  Niantic, 
operated  by  the  Niantic  Carbon  Coal  Company.  Table  6  lists  the 
shipping  mines  and  gives  data  concerning  them. 

C0AI.-BEARING  Rocks 

Lying  below  a  cover  of  drift,  which  has  an  average  thickness  of 
100  feet,  are  the  coal-bearing  rocks  of  Macon  County  varying  in 
thickness  from  800  feet  or  less  to  1,100  feet.  They  tend  to  be  some- 
what thicker  to  the  south  than  to  the  north  and  considerably  thicker 
to  the  west  than  to  the  east.  Rock  does  not  outcrop  in  the  county,  so 
that  the  geology  of  the  coal-bearing  strata  is  known  only  from  drill 
and  shaft  records,  seventeen  in  number,  most  of  which  are  in  the 
vicinity  of  Decatur. 

From  the  information  furnished  by  these  records  and  the  records 
of  holes  in  adjacent  counties,  it  appears  that  Macon  County  lies  but  a 
short  distance  west  of  the  axis  of  the  Illinois  coal  basin.  The  strata 
dip  eastward  toward  the  axis,  so  that  No.  6  coal  has  a  depth  at  Niantic 
of  310  feet,  at  Decatur,  about  560  feet,  and  at  Lovington  in  Moultrie 
County,  900  feet.  There  is  also  a  slight  increase  in  depth  southward 
through  the  county,  but  it  is  less  than  the  increase  to  the  east.  The 
eastward  dip  of  the  rock  effects  a  thickening  of  the  Pennsylvanian 
system  in  that  direction,  as  noted  above,  and  younger  and  younger  rock 
underlies  the  drift  toward  the  east.  It  is  probable  that  the  New  Haven 
limestone,  commonly  found  about  600  feet  above  No.  6  coal,  outcrops 
below  the  drift  in  a  belt  running  approximately  north  and  south  in 
eastern  Macon  County  or  western  Moultrie  County. 

The  Carlinville  and  Shoal  Creek  limestones  possibly  outcrop  below 
the  drift  in  parallel  belts  in  western  Macon  County  west  of  Niantic. 
One  of  these  limestones,  probably  the  Shoal  Creek,  underlies  the  drift 
in  the  shaft  at  Niantic.    It  seems  probable,  therefore,  that  the  Pennsyl- 
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vanian  rock  below  the  drift  includes  strata  lying  between  the  horizon 
of  the  Carlinville  limestone  and  strata  adjacent  to  the  New  Haven 
limestone ;  that  is,  between  about  300  and  about  600  feet  above  No.  6 
coal. 

In  Macon  County  the  occurrence  and  distribution  of  the  coals  are 
somewhat  similar  to  the  occurrence  and  distribution  in  Sangamon 
County,  which  lies  adjacent  in  District  VII.  In  the  extreme  southern 
part  of  the  county  No.  6  is  probably  present  in  commercial  thickness, 
but  as  far  south  as  Moweaqua,  Shelby  County,  No.  5  coal  is  possibly 
of  as  great  or  greater  importance.  In  the  northern  part  of  the  cotmty 
No.  6  coal  plays  out,  so  that  only  No.  5  coal  can  be  mined.  Thus  a 
thinning  of  No.  6  comparable  to  the  thinning  of  that  coal  in  Sangamon 
County  exists  in  Macon  County. 

No.  2  coal  in  a  thickness  not  known  to  exceed  2j4  feet,  is  probably 
present  150  to  175  feet  below  No.  5.  No.  1  coal,  mined  at  Assumption 
in  Christian  County,  is  also  present,  possibly  generally,  about  100  feet 
below  No.  2,  with  a  maximum  known  thickness  in  the  county  of  about 
3  feet.  It  is  doubtful  whether  either  of  the  lower  coals  is  at  present 
of  workable  thickness  in  competition  with  the  thicker  overlying  beds. 

The  following  records,  together  with  the  Blue  Mound  record  given 
in  Part  I,  will  aid  the  driller  and  prospector  in  identifying  beds  in 
Macon  County. 

Log  of  air  shaft  at  Decatur,  about  one-half  mile  southwest  of  the  coal  shaft 
vear  bluffs  of  the  Sangnmov  r'rer^,  sec  Jf.^?,  T  10  N ,  R,  2  E. 


Description  of  Strata 


Quaternary  system — 

Pleistocene  and  Recent — 

Soil  and  loamy  clay 

Sand  and  water  (flow  of  400  gallons 

per  minute) 

Clay,  blue 

Soil  and  drift  wood 

Sand,  green.- 

Sand,  gray 

Clay,  hard  blue 

Sand  and  gravel  (five  strata) 

Hardpan 


Thickness 


Ft. 


25 

30 
4 

2 
4 
6 
9 
37 
23 


tn. 


Depth 


Ft, 


25 

55 
59 
61 
65 
71 
80 
117 
140 


tn. 


iGeolo^ical  Survey  of  IHInols,  Vol.  VIII,  pp.  48-49. 
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Log  of  air  shaft  at  Decatur — Continued 


Description  of  Strata 


Pennsylvania  n  system — 
McLeansboro — 

Sandstone 

Shale,  soft- 

Shale,  gray  and  blue,  sandy 

Clay  shale.- 

"Slate,"  blue._-_ 

Fire  clay,  ferruginous 

Limestone,  conglomerate 

"Slate,"  brown.-- 

Flint  stone 

"Slate,"  black 

Flint  rock 

Coal  (No.  11).- 

Fire  clay 

Shale,  blue  sandy._ 

Flint  stone 

Qay  shale. 

Shale,  sandy. 

"Slate,"  black 

Coal  (No.  10) 

Fire  clay 

Shale,  black,  and  1  inch  of  coal 

Fire  clay 

Shale,  black 

Limestone,  impure 

Shale,  brown.- 

Sandstone 

"Slate,"  black 

Flint  stone 

"Slate,"  black.- 

Fire  clay 

Limestone  (Shoal  Creek) 

"Slate,"  black  (No.  9  coal) 

Fire  clay 

Qay  shale.- 

Sandstone 

Flint  stone 

"Slate,"  blue...™ 

Clay  shale 

Sandstone,  blue 

"Slate,"  black.-..- 

Coal  (No.  8).- : 

Fire  clay 

Shale,  sandy 

Shale,  black 

"Slate,"  hard  blacks 


Thickness 


Ft. 

1 

6 

28 

IS 

17 

6 

7 

10 
2 
1 
2 

8 

10 
3 
5 

21 
2 
1 
6 
8 
6 
3 
I 
8 
1 
4 
11 
12 
4 
10 
2 
8 
13 
5 
2 
8 

39 
1 
3 
1 
6 
10 
33 
5 


tn. 


6 
10 


Depth 


Ft. 

141. 

147 

175 

190 

207 

213 

220 

230 

233 

234 

236 

237 

245 

255 

258 

263 

284 

286 

287 

293 

301 

307 

310 

311 

319 

320 

324 

335 

347 

351 

361 

363 

371 

384 

389 

391 

399 

438 

439 

442 

444 

450 

460 

493 

498 


tn. 

6 
6 
6 
6 
6 
6 
6 
6 


6 
4 
4 
4 
4 
4 
4 
10 
10 
10 


3 
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Log  of  air  shaft  at  Decatur — Concluded 


Description  of  Strata 


Coal  Oocal) 

Fire  clay 

Limestone. 

Shale,  black 

Qay  shale.^ 

Coal  (No.  7) 

Fire  clay.. 

Stone,  conglomerate 

Clay  shale,  gray  and  blue. 

<<Slate,"  black  and  ^  inch  of  coal 

Fire  clay 

Sandstone 

Shale,  gray 

"Slate,"  black.-__ 

Carbondale — 
Coal  1 

Clay  shale  [(No.  6) 

Coal  j 

Shale,  hard  gray. 

Limestone 

Shale  bituminous  and  coaL. 

Fire  clay 

Sandstone 

Clay  shale.. 

Sandstone 

Clay  shale,  dark. 

"Slate,"  black.— 

Coal  (No.  5) 


Thickness 

De, 

Ft. 

in. 

Ft, 

•»« 

3 

498 

4 

•■■• 

502 

11 

.... 

513 

4 

■••• 

517 

2 

•*•• 

519 

•«•• 

4 

519 

2 

SB  Ba 

521 

3 

•  **■ 

524 

14 

*•  mm 

538 

4 

.... 

542 

4 

.... 

546 

7 

.... 

553 

6 

.... 

559 

2 



561 

1 

4 

563 

••>• 

6 

563 

2 

10 

566 

8 

.... 

574 

2 

6 

577 

•■«■ 

6 

577 

4 

•••. 

581 

17 

•*-• 

598 

3 

*>  >  ■ 

601 

13 

.... 

614 

8 

•*.. 

622 

1 

6 

624 

4 

6 

628 

tn. 

6 

6 

6 

6 

6 

10 

10 

10 

10 

10 

10 

10 

10 

10 

2 
8 
6 
6 

6 
6 
6 
6 
6 
6 


Lofir  o/  weW  on  farm  of  T,  C,  Grady,  T.  18  AT.,  R,  2  E.,  Maroa,  Illinois. 

Elevation— 720  feet 


Description  of  Strata 


Quaternary  system — 

Pleistocene  and  Recent — 

Clay. 

Gravel,  hardpan 

Clay., 

Hardpan 

Hardpan,  sandy 

Clay,  hardpan 


Thickness 

De, 

Ft, 

tn. 

Ft. 

62 

aa*a 

62 

6 

»>• 

68 

16 

•  >>■ 

84 

129 

•  •*  V 

213 

6 

.... 

219 

54 

.... 

273 

in. 
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Log  of  well  on  farm  of  T,  C.  Grady — Concluded 


Description  of  Strata 


Pennsylvanian  system — 
McLeansboro — 

Limestone 

Shale,  light 

Shale,  black 

Shale,  gray 

Limestone.. .... 

Shale,  light 

Sand  shale...- 

Shale,  gray 

Limestone. 

Shale,  gray 

Shale,  sandy 

"Slate,"  dark.... 
Carbondale — 

Coal  (No.  6)...... 

Fire  clay 

Sandstone,  gray 

Shale,  light 

Limestone 

Shale,  blue 

Limestone 

Sand  shale. 

"Slate,"  black.-. 

Coal  (No.  5)...... 

"Slate,"  dark.... 

Limestone 

Sand  shale. 

Slate,  black 

Shale,  light 

Limestone 


Thickness 

Depth 

Ft. 

in. 

Ft. 

in. 

15 

288 

1 

•  a  •■ 

289 

aaaa 

2 

a  ■>•* 

291 

«aa* 

5 

Baaa 

296 

>•«• 

4 

•  a*« 

300 

•  ..a 

12 

aaa* 

312 

30 

•  «.. 

342 

•  •a« 

28 

*•*• 

370 

•  •a» 

10 

•  •«• 

380 

•  «.. 

19 

399 

aaa. 

90 

a... 

489 

•  was 

10 

.... 

499 

.... 

6 

499 

6 

1 

6 

501 

»>•• 

3 

aa  >a 

504 

•••• 

8 

,^  _^ 

512 

••-• 

9 

aa  ■• 

521 

■>•• 

4 

•  a>  > 

525 

*>•• 

7 

•aaa 

532 

•••* 

34 

.... 

566 

••• 

3 

6 

569 

6 

1 

6 

571 

a*«* 

4 

■••• 

575 

•  ••• 

17 

aa>* 

592 

*••• 

20 

«•-• 

612 

^^^^ 

4 

•  ••a 

616 

*•*■ 

6 

mmmm 

622 

aaa* 

4 

aaaa 

626 

aaaa 

Lo^  o/  Niantic  Carbon  Coal  Company* s  shaft,  see.  12,  T.  16  N.,  R.  1  W.^ 

Elevation — 585  feet 


Description  of  Strata 

Thickness 

Depth 

Quaternary  system — 

Pleistocene  and  Recent — 

Soil  and  clay,  brown 

Ft. 

11 
4 

25 
10 
15 
10 
7 

in. 

Ft. 

11 
15 
40 
50 
65 
75 
82 

in. 

Sand  and  jnravel 

Hardoan.  eravellv. 

Hardpan,  blue 

Clay,  soft 

Hardoan.  jrray 

Clay,  soft  brown 

.... 

lOeolofiTlcal  Survey  of  Illinois,  Vol.  VII,  p.  19. 
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Log  of  Niantic  Carbon  Coal  Company* s  shaft — Concluded 


Description  of  Strata 


Pennsylvanian  system — 
McLeansboro — 

Limestone...- 

Rock,  blue  flinty 

"Slate."  black.„ 

Fire-clay 

Liimestone 

Shale,  blue  and  gray 

Shale,  black 

Goal  (No.  9).- 

Fjire-clay 

Limestone,  nodular 

Qlay  shale.- 

Sandstone,  soft  blue 

Shale,  gray 

Coal  (No.  8) 

Fire-clay 

Sandstone 

Snale,  gray 

Rock,  hard  flinty. 

Shale,  black 

Fire-clay 

Shale,  bjue  and  red 

"Slate,"  blacL— 

Coal  (No.  7) 

Fire-clay 

Shale,  black 

Carbondale — 

Coal  (No.  6) 

Clay  shale... 

Shale,  black 

Coal  (local)— 

Fire-clay 

Shale,  gray 

Rock,  hard,  black  (limestone). 

"Slate,"  black 

Coal  (No.  5) 


Depth 


ft. 


92 
94 
97 
103 
113 
120 
121 
121 
122 
127 
132 
148 
190 
191 
193 
203 
248 
258 
261 
270 
285 
290 
292 
296 
307 

310 
325 
328 
329 
331 
345 
346 
349 
354 


m. 


2 

2 

2 

2 

2 

2 

5 

11 

11 

11 

11 

11 

11 

11 

11 

2 

8 

8 

2 
2 
2 


Known  Minable  Coals  in  Macon  County 

NO.  5  coal 

So  far  as  is  known,  No.  5  coal  is  present  in  workable  thickness 
below  the  entire  area  of  Macon  County.  There  has  been  no  prospect- 
ing so  far  as  known  in  the  eastern  part  of  the  county  and  future 
drilling  may  call  for  a  reversal  of  the  opinion  expressed  about  the 
continuity  of  the  coal. 


HACON  COUNTT 
MINE    NOTES 


The  best  information  concerning  No.  5  coa!  is  that  found  in  mine 
notes  taken  in  the  various  mines  of  the  county  as  summarized  below. 


MINE  OP  THE  NIANTIC  CARBON  COAL 

Entrance  by  shaft;  360  feet  to  No.  5  coal.  Working  Mo.  5  coal,  which 
has  an  avera^  thickness  of  5H  feet,  varying  betwesn  6  and  6  feet.  The 
coal  contains  small  sulphur  streaks  in  the  upper  part  of  the  bed,  but  these 
are  not  persistent.    The  clay  veins  or  "horsebacks,"  characteristic  of  the 


Fig.  10.    Sketch  of  a  clay  vein  ("horseback")  in  the  Niantic  Carbon  Coal 
Company's  mine  at  Niantic. 


bed,  are  present.  A  sketch  of  one  made  near  the  face  ot  the  main  west 
entry  in  1912  is  shown  in  figure  10.  In  this  instance  the  filling  is  described 
as  being  of  two  kinds  of  rock,  hard  and  soft.  The  former  seems  calcareous 
and  contains  pyrite.  The  soft  part  Is  clay.  The  clay  veins  are  numerous 
and  greatly  increase  mining  costs. 

The  roof  of  the  coal  is  commonly  black  shale  or  "slate,"  but  varies 
locally  from  blue  to  gray  and  has  a  thickness  of  about  3  feet.  Nigger- 
heads  are  common  in  this  roof.  A  cap-rock  4  to  12  inches  thick  is  present 
above  the  shale. 

Sections  of  the  coal  in  this  mine  are  given  herewith. 
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Sections  of  No,  5  coal  in  Niantic  nUne 
Section  1 — Sd  west  entry  off  south  entry  on  the  east  side 

Roof:    Shale,  black 

Coaly  fairly  clean  and  bright 

Sulphur  parting 

Coaly  clean  and  bright 

Sulphur  parting  

Coal,  fairly  clean  

Mother  coal   

Coaly  dirty   

Mother  coal   

Coal,  dirty   

Mother  coal 

Coal,  fairly  clean  

Floor :  Fire  clay,  dark  


Thickness 
Ft,  tw. 


3 


2^ 

2% 

2^^ 

Vl 
7 


Section  2 — 8th  east  off  north  on  east  side 


Thickness 
Ft,  in. 


Roof:    Shale,  black 

Coal,  fairly  clean,  bright 2 

Sulphur 

Coal,  streaked  with  mother  coal 2 

Floor :  Fire  clay,  dark 


Section  S — 1st  west  off  northwest  entry j  room  35 

Roof:    Shale,  black 

Coal,  top,  local  only 

Coal,  clean,  bright,  slightly  streaked 

Sulphur  parting  

Coal,  streaked  with  bone  

Sulphur  parting  

Coal,  fairly  clean  but  with  some  bone 


% 


8 


2 

2% 

Thickness 

Ft. 

in. 

•  • 

•  • 

•  • 

3% 

1 

8% 

■  • 

% 

•  * 

m. 

■  • 

2 

m     m 

8% 

1% 


MINE  OP  THE  MACON  COUNTY  COAL  COMPANY,  AT  DECATUR* 

Entrance  by  shaft,  560  feet  to  the  floor  of  mine.  No.  5  coal  here  has 
a  thickness  of  4%  feet  and  5  feet  1  inch,  respectively,  where  measured  in 
two  places.  The  coal  contains  some  sulphur  in  bands  or  lenses,  but  this 
impurity  is  not  in  large  amount.  There  are  some  horsebacks.  The  roof 
is  black,  fine-grained  shale  or  "slate"  containing  niggerheads,  which  in 
places  in  the  mine  are  numerous  and  of  a  large  size.  One  was  noted 
which  cut  out  the  coal  to  within  one  foot  of  the  floor.  Above  the  "slate" 
is  the  cap-rock,  a  hard  limestone  10  to  24  inches  thick.  This  is  followed 
by  gray  shale,  4  to  5  inches  thick,  overlying  which  is  sandstone. 


iFormerly  Manufacturers  and  Consumers  Coal  Company. 
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The  following  sections  of  coal  in  this  mine  are  available. 
Sections  of  No.  5  coal  in  the  mine  of  the  Macon  County  Coal  Company 
Section  1 — At  face,  Sd  left  entry  off  the  let  east  off  let  south 

Thickness 
Ft.  in. 

Roof:    Black  shale 

Coal,  clean,  hard,  bright,  blocky 3  7 

Coaly  bony,  with  little  sulphur 1 

Coal,  clean,  bright 4^ 

Mother  coal   % 

Coal,  fairly  clean    7 

Floor:  Fire  clay  


•  •  •  • 


4  8 

Section  2 — Face  of  the  9th  west  off  1st  south  Thickness 

Ft.  in. 

Roof:    Black  shale 

Coal,  clean,  bright,  hard  2  4 

Bone  and  coal . .  1^ 

Coal,  fairly  clean  and  hard 8^ 

Pyrite    % 

Coaly  fairly  clean  , 7 

Mother  coal,  soft % 

Coal,  dirty   10% 

NO.  6  COAI.  4  8 

MINE  NOTES 

No.  6  coal  has  been  mined  at  only  one  mine  in  this  county.    Con- 
ditions in  the  mine  are  shown  in  the  following  notes. 

ABANDONED  MINE  OF  THE  BLUE  MOUND  COAL  COMPANY,  AT  BLUE  MOUND 

Entrance  by  shaft,  472  feet  to  floor.    The  coal  averages  5  feet,  varying 
between  S%  feet  and  6V^  feet. 

A  section  measured  in  the  mine  is  as  follows: 

Section  of  No.  6  coal  at  Blue  Mound,  face  of  1st  entry  off  main  west 

Thickness 

Ft.  in. 

Coal   2  6 

Sulphur ^ 

Coal   5 

Sulphur % 

Coal   1  6 

Sulphur % 

Coal   7% 

Blue  band 1 

Coal   9 

Floor:   Fire  clay 


•  • 


6  0 

The  roof  in  this  mine  is  shale  or  limestone.     The  shale  varies  up  to 
3V^  feet  and  the  limestone  is  known  to  be  as  thick  as  17  feet. 


MASON  COUNTY 
Introduction 

Coal  has  never  been  mined  in  Mason  County  and  so  far  as  is 
known,  only  one  drill  hole,  the  one  located  at  Mason  City,  has  pene- 
trated the  Pennsylvanian  rocks. 

SuRFiciAiy  Deposits 

The  coal-bearing  rocks  are  deeply  covered  by  glacial  drift  which 
in  the  hole  at  Mason  City  has  a  thickness  of  204  feet.  Its  thickness  in 
other  places  in  the  county  is  not  known.  Leverett  says :  "The  county 
occupies  a  low  basin-like  expansion  of  the  Illinois  valley,  heavily 
covered  with  sand,  except  where  the  old  river  channels  have  left  a 
surface  deposit  of  muck."^ 

C0AI.-BEARING  Rocks 

Except  for  information  afforded  by  the  drilling  at  Mason  City, 
and  for  a  general  knowledge  of  conditions  in  surrounding  counties, 
nothing  is  known  concerning  the  coal  which  possibly  underlies  Mason 
County.  In  the  drill  hole  a  coal  34  inches  thick  was  struck  at  a 
depth  of  290  to  293  feet.  This  thickness  of  the  coal  suggests  correla- 
tion with  No.  2  rather  than  with  one  of  the  higher  coals.  Further 
evidence  in  support  of  this  correlation  is  that  No.  5  coal  at  Lincoln 
lies  at  about  the  same  depth  and  latitude  as  the  coal  at  Mason  City, 
whereas  by  reason  of  the  regional  eastward  dip,  No.  5  coal  should  be 
considerably  higher  at  Mason  City  than  at  Lincoln ;  in  fact,  high  enough 
to  bring  it  above  erosion  level  beneath  the  drift. 

It  is  probable,  therefore,  though  by  no  means  established,  that  if 
Mason  City  is  underlain  by  coal,  it  is  No.  2  rather  than  one  of  the 
higher  beds,  except  in  the  eastern  part  of  the  county,  where  locally 
the  drift  may  be  thin  and  one  of  the  higher  coals,  possibly  No.  5,  may 
be  present  in  small  areas. 


iLeverett,  Frank,  The  Illinois  Glacial  Lobe:  U.  S.  Geologrical  Survey,  Mon 
38.    p.    688.    1899. 
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MENARD  COUNTY 
Production  and  Mines 

Production  in  tons,  year  ending  June    30,  1920 145,868 

Average  annual  production,  1916-1920 179,861 

Total  production,  1881-1920 10,639,327 

One  shipping  mine  and  eight  wagon  mines  reported  production 
in  Menard  County  during  the  fiscal  year  1920.  The  total  production 
was  a  little  less  than  .2  per  cent  of  the  State's  entire  output,  and  the 
county  ranked  thirty-first  in  order  of  production.  Table  6  gives  data 
concerning  the  shipping  mine. 

Coal-bearing  Rocks 

The  southern  part  of  Menard  County,  including  the  town  of 
Tallula  and  others,  is  included  in  the  area  of  the  Tallula-Springfield 
quadrangles.^  The  north  line  of  these  quadrangles  passes  within  less 
than  one  mile  of  Petersburg.  The  mining  operations  of  the  county 
accordingly  lie  mostly  within  the  boundaries  of  these  quadrangles, 
and  the  description  of  the  coal-bearing  strata  on  those  areas  given 
in  the  U.  S.  Geological  Survey  report,  is  adequate  for  the  county. 

The  strata  underlying  Menard  County  are  a  continuation  north- 
ward of  those  underlying  the  west  half  of  Sangamon  Coimty.  The 
description  of  these  strata  presented  in  the  discussion  of  the  coal-bear- 
mg  rocks  of  that  county  will  apply  approximately  to  the  strata  under- 
lying Menard  County. 

The  rocks  immediately  underlying  the  drift  are  included  between 
No.  5  coal  which  is  thought  to  outcrop  near  the  west  line  of  the  county, 
and  the  Lonsdale  limestone.  Accordingly  No.  5  coal  probably  underlies 
the  entire  county,  and  so  far  as  is  known  is  everywhere  of  workable 
thickness.  No.  6  and  No.  7  coals  are  present  east  of  their  lines  of  out- 
crop, which  run  parallel  to  that  of  No.  5,  between  Tallula  and  the  county 
line  to  the  west.  These  coals  are  thin  and  of  no  commercial  value. 
No.  2  coal  is  probably  present  but  it  may  be  too  thin  to  be  profitably 
worked  in  competition  with  No.  5.  The  interval  between  these  coals  and 
the  character  of  the  intervening  strata  have  been  discussed  in  the  de- 
scription of  the  coal-bearing  rocks  of  Sangamon  County.  The  reader 
is  also  referred  for  further  detail  concerning  the  geology  of  the  region 
to  the  Tallula-Springfield  Folio,  cited  above. 

Only  six  records  of  drilling  or  shafts  are  available  in  the  county, 
and  none  exceeds  a  depth  of  165  feet.  The  only  one  of  these  that 
has  sufficient  detail  to  make  it  of  value  to  this  report  is  reproduced 
herewith. 

iShaw,  £.  W.,  and  Savage,  T.  K.,  Tallula-Springfleld  Folio:  U.  S.  Geologi- 
cal Survey  Geologic  Folio  188,  1913. 
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Record  of  shaft  of  the  Loyd  coal  mine  in  the  NW.  hi  sec.  23,  T.  17  N., 

R.  7  W. 
Record  given  from  memory  by  H.  C.  Bradt 


Description  of  Strata 


Quaternary  stystem — 

Pleistocene  and  Recent — 

Clay,  surface. 

Pennsylvanian  system — 
McLeansboro — 

Limestone 

Shale,  blue 

Rock,  blue 

Shale,  blue 

Rock,  blue _ 

Carbondale — 

Coal  (No.  6?) 

Fire  clay ^ 

Flint  rock  (limestone).- 

Sandstone 

Shale,  blue  and  red 

Cap  rock  (limestone?)... 

Slate 

Coal  (No.  5) 


Thickness 

De 

Ft, 

in. 

Ft, 

20 

— 

20 

*•■■ 

27 

15 

.... 

42 

.... 

47 

.... 

52 

— 

57 

2 

58 

»**• 

62 

■••* 

66 

11 

•••• 

77 

15 

■••* 

92 

■«•• 

6 

92 

2 

93 

10 

99 

in. 


2 
2 
2 
2 
2 
8 

10 
8 


Mine  Notes 
Observation  has  been  made  in  four  mines  in  Menard  County. 

ABANDONED    MINE   OF   THE    MIDDLETOWN    COAL   CO.,    AT    MIDDLETOWN 

Entrance:     Shaft;  210  feet  to  No.  5  coal. 

Thickness  of  the  coal:     Varies  from  5  feet  8  inches  to  6  feet  2  inches. 
The  average  thickness  is  6  feet. 
Section  of  the  coal: 

Section  of  No.  5  coal  in  the  mine  of  the  Middletoivn  Coal  Company, 

at  Middletown 
2d  west  entry  off  Sd  south  main  entry,  about  1,S75  feet  from  shaft 

Thickness 

Ft,  in. 

Roof :     Black  fissile  shale 

Coal   2  1 

Pyrite    ^ 

Coal 1  9% 

Pyrite    H 

Coal   1  8 

Floor :     Fire  clay 

^5  6% 


MENARD  COUNTY  151 

Character  of  the  coal:  The  top  coal  in  the  foregoing  section  is  very 
black  and  brittle,  and  has  a  bright  lustre.  The  rest  is  not  so  bri^t  and 
is  softer.  Most  of  the  pyrite  is  found  in  the  middle  portion  in  irregular 
lenses.  Mother  coal  is  less  common  in  the  upper  coal  than  in  the  lower 
part  of  the  bed.    The  bed  is  cut  by  the  usual  horsebacks. 

Character  of  the  roof  and  floor:  The  roof  is  black  fissile  shale  1% 
to  €  feet  thick,  with  a  limestone  cap-rock  4  inches  to  3  feet  thick.  The 
floor  is  clay  above  limestone. 

ABANDONED  MINE  OF  THE  SOUTH  MOUNTAIN  COAL  CO.,  AT  PETERSBURG 

Entrance:     Slope,  80  feet  to  the  top  of  No.  5  coal. 

Thickness  of  the  coal:     Varies  from  5%  to  7  feet,  averaging  6  feet. 

Section  of  the  coal: 

Section  of  No.  5  coal  in  the  South  Mountain  Coal  Company's  mine, 

at  Petersburg 
let  entry  ojf  the  7th  east  entry  about  2,600  feet  from  slope 

Thickness 
h 

Roof:     Shale    

Coal   

Pyrite    

Coal   

Mother  coal   

Coal   

Pyrite    

Coal   

Pyrite    

Coal   

5  llVs 

Character  of  the  coal  and  roof:  The  coal  is  reported  to  be  cut  by 
clay  veins.  The  roof  is  shale,  probably  black,  1%  to  6  feet  thick,  with  a 
cap  rock  of  limestone  2^  feet  or  less  in  thickness  usually  present. 

UNION    FUEL   COMPANY'S   NO.   4   MINE,   AT   ATHENS 

Entrance:     Shaft;  203  feet  to  the  top  of  No.  5  coal. 

Thickness  of  coal:     Varies  from  5  to  6  feet;  averages  5  feet  8  inches. 

Sections  of  the  coal: 

Sections  of  No.  5  coal  in  the  No.  4  mine  of  the  Union  Fuel  Company, 

at  Athens 
Section  1 — Boom  1  off  11th  north  off  main  west  entry,  6,500  feet  from  shaft 

Thickness 
Ft.  in. 

Roof:     Black  "slate" 

Coal,  bright 2  7 

Pyrite hi 

Coal,  bright  3  3 

Floor:     Fire   clay 

5  10 


Ft. 

%n. 

m    m 

1 

•  • 

4 

•     • 

% 

•    « 

11 

1 

•     • 

7 

•    • 

^ 

1 

6 

•     • 

% 

1 

6% 
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Section  2 — 19th  south  off  main  west;  entry  face,  5,800  feet  from  shaft 

Thickness 
Ft.  in. 

Roof:     Black   "slate"    

Coal,  bright 4 

Mother  coal   }k 

Coali  bright   6 

Mother  coal   }k 

Coal,  bright  4  11 

Floor:      Fire   clay 


6  9% 


Section  3 — Entry  face  on  the  main  east  stub;  1,500  feet  from  shaft 

Thickness 
Ft  in. 

Coal,  bright  3  8 

Pyrite  streak % 

Coal,  bright  1  5 


5  1^ 

Character  of  the  coal:  The  coal  lies  in  a  single  bed  without  partings. 
The  middle  of  the  bed  contains  a  few  pyrite  lenses  running  parallel  to 
the  bedding,  and  the  bottom  4  inches  of  the  coal  is  bony  in  many  places. 
There  are  no  persistent  impurities,  however.  "Horsebacks"  occur  with 
the  usual  frequency.  The  accompanying  figures  11  and  12  are  reproduced 
from  sketches  made  of  two  kinds  of  clay  veins,  in  one  of  which  the  frac- 
ture is  about  vertical  and  there  has  been  no  offset  of  the  bed,  and  in  the 
other  an  inclined  fracture  is  accompanied  by  offset.  Figure  11  shows 
also  how  the  clay  in  the  floor  bulges  up  toward  the  "horseback"  but  does 
not  enter  it,  the  vein  material  being  apparently  entirely  different  from 
the  underclay.  In  figure  12  it  will  be  noted  that  the  fracture  does  not 
extend  up  into  the  cap  rock. 

The  coal  is  broken  also  by  what  seems  to  be  true  faults  which  cross 
all  the  strata  associated  with  the  coal.  In  this  case  the  limestone  rests 
upon  the  coal;  the  difference  in  the  character  of  the  fractures  may  be 
due  to  this  fact. 

The  clay  veins  vary  in  width,  but  their  maximum  is  about  2  feet- 
The  filling  consists  of  clay  with  small  fragments  of  coal  scattered  through 
it.  These  fragments  are  sharp,  unshattered,  and  have  the  same  appear- 
ance as  the  coal  in  the  bed.  In  one  case  where  the  floor  has  apparently 
been  pushed  up  about  18  inches,  no  displacement  was  noted  in  the  roof 
of  the  coal,  although  the  fracture  extended  into  the  cap*rock,  with  a  width 
of  1  to  1%  feet  across,  slightly  less  than  its  width  in  the  coal. 

Character  of  the  roof:  The  immediate  roof  is  usually  black  "slate," 
which  varies  from  6  inches  to  6  feet  in  thickness,  but  averages  2  feet. 
In  places  it  is  less  hard  and  sheety  and  becomes  less  like  a  "slate."  This 
more  massive  shale  is  most  everywhere  wet  and  eventually  falls  to  the 
cap  rock.  The  cap  rock  is  usually  strong  enough  to  stand  where  these 
falls  occur. 
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The  cap  rock  is  a  very  carbonaceous  limestone  about  5  feet  in  thick- 
ness. Ordinarily  it  forms  a  good  roof.  In  a  few  places  the  limestone 
is  in  contact  with  the  coal.  This  contact,  however,  is  not  sharp  on  account 
of  the  common  occurrence  of  coal  stringers  in  the  lower  2  inches  of  the  rock. 

The  cap  rock  locally  also  cuts  down  through  the  "slate"  as  a  "roll" 
under  which  the  coal  is  ordinarily  somewhat  crushed.  Overlying  the  cap 
rock  is  a  ^ay  "soapstone"  or  shale.     In  places  the  cap  rock  is  represented 


Pig.  11. — Sketch  of  a  nearly  vertical  clay  vein  ("horseback")  in  the  Unior 

Fuel  Company's  No.  4  mine  at  Athens.     The  fracture  is 

not  accompanied  by  an  offset. 
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only  by  a  band  of  boulders,  the  gray  shale  resting  directly  upon  the  black 
"Blat«i"  except  for  these  nodules. 

Character  of  the  floor:  The  underclay  is  reported  to  have  a  thick- 
ness of  14  feet.  The  upper  7  feet  is  said  to  be  rather  soft  and  to  contain 
many  nodules  or  "boulders."  The  upper  18  inches  is  said  to  heave  some- 
what. 

ABANDONED  MINE  OF  THE  TAIXULA  COAL  COMPANY,  AT  TALLULA 

Entrance:     Shaft;  179  feet  to  No.  6  coal. 

Thickness  of  coal:  Varies  from  G  feet  8  inches  to  7  feet  6  inches; 
averages  6  feet 

Section  of  the  coal: 


Fig.  12. — Sketch  of  an  inclined  clay  vein  {"horseback")  in  the  Union  Fuel 
Company's  No.  4  mine  at  Athens.    The  bed  is  offset. 

Section  of  No.  5  coal,  Tallula  Coal  Company,  at  Tallula. 

Thickness 

Ft.  in. 

Roof:    Black  shale .' 

Coal   1  3 

Pyrite W 

Coal    2  6 

Pyrite    1 

Coal    6 

Pyrite    % 

Coal    I  8 

Floor:    Fire  clay   


Character  of  the  coal,  roof,  and  floor:  The  coal  bed  is  crossed  by 
numerous  clay  veins.  It  has  the  usual  black  "slate"  roof  14  inches  to  6  feet 
thick,  with  a  limestone  cap  rock  3  inches  to  3  feet  thick. 
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Production  in  tons,  year  ending  June  30,  1920 1,244,013 

Average  annual  production  1916  to  1920 1,327,926 

Total  production  1881  to  1920 31,867,000 

Peoria  County  ranked  14  in  production  in  1920;  the  output  in 
that  fiscal  year  (1919-1920)  was  1.7  per  cent  of  the  total  output  of 
the  State.  During  1920  there  were  2  shipping  mines  operating  in  this 
county  and  51  local  or  wagon  mines.  The  local  mines  produced  183,- 
689  tons  of  coal.  Most  of  the  mines  operated  in  No.  5  coal,  but  there 
was  some  coal  mined  from  No.  6  coal,  and  plans  have  been  made 
to  resume  operations  in  No.  2  coal  in  the  Wantling  (Blue  Fly)  mine 
at  Pottstown. 

Coal-bearing  Rocks 

The  geology  of  the  portion  of  this  county  in  which  mining  opera- 
tions are  most  active  has  been  described  in  detail  after  careful  field 
examination  by  Dr.  J.  A.  Udden.^  Much  of  the  geological  informa- 
tion included  in  the  following  paragraph  is  drawn  from  his  publication. 

The  thickness  of  the  coal-bearing  strata  is  about  520  feet,  of  which 
the  lower  300  feet  is  known  only  from  drilling  or  mine  shafts.  The 
exposed  220  feet  extends  downward  20  feet  below  the  chief  productive 
coal  bed.  The  most  reliable  and  detailed  information  concerning  the 
lower  unexposed  portion  of  the  section  is  based  upon  the  records  of 
two  shafts.  One  of  these,  located  at  Pottstown,  passes  through  No.  2 
coal  at  a  depth  of  106  feet,  has  a  depth  of  240  feet,  and  reaches  a  bed 
believed  to  be  equivalent  to  the  ElUsville  or  Rock  Island  coal.  The 
workings  in  No.  2  coal  in  this  mine  have  been  reopened.  The  other 
shaft,  at  Orchard  about  4  miles  south  of  Bartonville,  extended  down 
to  a  coal  bed  believed  to  be  No.  2,  and  equivalent  to  the  upper  bed 
in  the  Pottstown  shaft.  The  section  of  strata  in  these  two  shafts 
follows : 


lUdden,   J.  A.,  Geology   and   mineral   resources   of  the  Peoria  quadrangle, 
IllInolA:   U.S.   Geolosrlcal   Survey   Bull.   506,    1912. 
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Section  of  rocks  penetrated  by  the  shaft  of  the  Blue  Fly  mine  at  Pottstountj 
west  side  of  the  SW.  M  sec.  S6,  Kickapoo  Township,  Peoria  County^ 


Description  of  Strata 


Quaternary  system — 

Pleistocene  and  Recent- 
Alluvium , 

Sand,  dry 

Gravel 

Hardpan 

Pennsylvanian  system — 

Carbondale  formation — 

Soapstone,  white 

Iron  band 

Soapstone 

Iron  band 

Shale,  black 

Iron  band 

Soapstone,  white 

Iron  band 

Shale,  white 

Iron  band 

Shale,  white 

Iron  band 

Shale,  dark 

Cap  rock 

Slate,  black— 

Shale,  white 

Coal  (No.  2) 

Pottsville  formation — 

Fire  clay 

Sandstone 

Soapstone 

Sandstone,  white 

Qod,  black 

Fire  clay 

Coal 

Sandstone,  dark 

Rock,  hard 

Qod,  dark.— 

Sandstone,  hard 

Slate,  black 

Shale 

Rock,  white 

Coal 

Clod,  black 

Coal 

4 

Fire  clay 


No.  1. 
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Section  of  the  Orchard  shafts,  about  U  miles  south  of  Bartonville 


Description  of  Strata 


Quaternary  system — 

Pleistocene  and  Recent — 

Surface 

"Fire  clay" 

Hardpan 

Loam,  black 

Pennsylvanian  system — 
Carbondale — 

Shale,  black 

Soapstone,  soft 

Shale,  sandy 

Limestone 

Sandstone 

Soapstone 

Iron  band 

Soapstone 

Sandstone,  blue 

Soapstone 

Slate,  gray,  and  iron  band  mixed 

Slate,  black 

Hardpan 

Slate,  black.-- 

Soapstone 

Coal  (No.  2) 

Pottsville — 

Fire  clay 


Thicl 

:ness 
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Fu 
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POTTSVII.I*E  FORMATION 

The  succession  of  the  Pottsville  formation  in  Peoria  County  is  not 
very  definitely  known.  Several  of  the  better  records  are  reproduced 
graphically  in  the  accompanying  figure  (Fig.  13). 

Study  of  the  available  drill  records,  several  of  which  are  included 
in  figure  13,  indicates  that  the  base  of  the  Pennsylvanian  system  is 
commonly  at  an  elevation  of  about  140  feet  above  sea  level  in  the 
vicinity  of  Peoria.  Although  this  figure  is  a  generalization,  it  is 
thought  to  be  accurate  within  about  25  feet.  In  the  northwest  part 
of  the  county  near  Princeville,  the  base  of  the  "Coal  Measures"  is 
probably  more  than  300  feet  above  sea  level,  and  along  the  Fulton 
County  line  near  Farmington,  between  270  and  300  feet.     The  pre- 


lOp.    cit,    p.    24. 


PEOEIA  OOUNTY  159 

Pennsylvanian  surface  accordingly  probably  slopes  about  10  feet  to  the 
mile.  There  is  some  evidence  that  the  surface  of  the  Mississippian 
strata  upon  which  the  "Coal  Measures"  rest  is  uneven,  aside  from  the 
general  slope  just  mentioned,  and  therefore  the  Mississippian  may  be 
reached  at  depths  which  vary  somewhat  from  what  would  be  expected. 
However,  if  the  character  of  the  drilling  chips  is  carefully  noted  when 
wells  or  tests  are  being  put  down,  there  should  ordinarily  be  no  dif- 
ficulty in  determining  the  base  of  the  "Coal  Measures,"  as  at  that 
horizon  the  drill  passes  from  a  succession  of  shales,  sandy  shales,  and 
sandstones  into  massive  limestone. 

The  strata  in  the  lower  100  feet  of  the  Pottsville  are  apparently 
mostly  shale,  with  interbedded  sandstone  reported  in  two  wells.  Drill 
cuttings  from  the  Glen  Oak  Park  well,  taken  about  20  feet  above  the 
base  of  the  "Coal  Measures,"  contained  coal,  according  to  Udden.^ 
Coal  was  reported  in  the  Carter  well  in  East  Peoria  at  about  the  same 
level  but  was  either  not  recorded  or  not  present  in  other  wells  in  the 
region.  In  the  interval  from  about  100  feet  above  the  base  of  the 
formation  (at  an  altitude  of  220  to  240  feet)  up  to  No.  2  coal  (at 
various  altitudes  between  330  and  380  feet)  there  seem  to  be  several 
coal  beds.  The  meager  information  at  hand  is  sufficient  for  correla- 
tion of  the  coals  found  in  the  different  holes.  It  is  not  even  safe  to 
assume  that  the  coal  found  in  several  holes  at  an  altitude  of  220  to  240 
feet  is  a  continuous  bed,  as  Pottsville  coals  in  Illinois  are  characteris- 
tically lenticular,  having  been  deposited  in  what  apparently  were  local 
basins  that  probably  did  not  synchronize. 

Coal  at  an  altitude  of  226  feet  and  at  a  depth  of  236  feet  has  been 
mined  at  Pottstown.  The  coal  in  this  mine  lies  in  two  benches,  the 
lower  one  according  to  Udden,^  varying  from  2  feet  2  inches  to  3  feet, 
and  the  upper  measuring  1  foot  3  inches.  The  two  benches  are  sepa- 
rated by  nearly  3  feet  of  shale,  and  the  average  thickness  of  the  coal 
and  included  shale  is  6  feet.  Udden  states  that  this  coal  bed  has  been 
recognized  in  no  less  than  six  of  the  artesian  borings  in  the  vicinity 
of  Peoria  and  Pekin,  but  as  was  stated  in  the  previous  paragraph,  the 
correlation  of  these  lower  coals  upon  the  basis  of  water-well  records, 
in  several  cases  of  doubtful  accuracy,  is  not  possible ;  especially  is  this 
evident  when  several  diamond-drill  holes  the  records  of  which  have 
become  available  since  the  field  work  on  the  Peoria  quadrangle  was 
completed,  show  several  thin  coals  in  the  section  below  No.  2  coal. 
Yet  it  is  not  at  all  improbable  that  this  lower  coal  may  be  fairly  con- 


lU.  S.  Oeolosrical  Survey  BuU.  506.  p.  35. 
20p.  cit.,  p.   25. 
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tinuous,  at  least  in  the  southern  part  of  the  county,  for  it  is  reported 
in  a  drilling  at  Elmwood  at  the  west  edge  of  the  county. 

The  strata  in  the  upper  part  of  the  Pottsville  above  the  lower  coal, 
which  Udden'  su^ests  is  the  No.  1  coal,  are  variable.  In  the  Potts- 
town  shaft  they  are  largely  sandstones  with  a  28-inch  coal  bed  about 
40  feet  above  the  No.  1  coal.  Two  records  in  Limestone  Township 
report  several  black  shales  and  thin  coals  in  the  succession,  as  well 
as  a  large  amount  of  sandstone  and  sandy  shales.  These  records  both 
report  coal  between  1  and  2  feet  thick  about  30  feet  below  the  top 
of  the  formation,  or  No.  2  coal.    The  record  of  the  drilling  at  Elm- 


FlG    14. — PhotoKTaph  of  a  block  of  the  roof  shale  of  No.  6  coal  in  Peoria 
County,  showing  laminated  structure. 

wood  shows  almost  continuous  shale.  The  interval  between  coals  No. 
2  and  No.  1  seems  to  vary  from  about  100  to  140  feet.  It  is  not  prob- 
able that  any  of  the  intervening  coals  are  of  workable  thickness. 

CARBONDALE  FORMATION 

The  Carbondale  formation  includes  all  the  coal  beds  worked  in  the 
county,  and  is  economically  the  most  important  part  of  the  "Coal 
Measures"  section,  not  only  in  this  county  but  in  the  State  as  a  whole. 
With  the  exception  of  the  small  mine  at  Pottstown  which  has  recently 
reopened  an  old  development  in  No.  2  coal  the  commercial  operations 
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in  the  county  are  all  in  No.  5  coal.    No.  6  coal  has  a  little  development 
by  wagon  mines  at  various  places  in  the  county. 

NO.  2  COAL 

No.  2  coal  lying  at  the  base  of  the  formation  has  the  usual  char- 
acteristics of  that  bed  in  the  northern  part  of  the  State.  It  is  about 
30  inches  thick  and  is  overlain  by  the  gray  "soapstone"  and  black  fissile 
shale  which  is  the  very  characteristic  roof  of  this  coal  in  the  typical 
La  Salle  region.  The  coal  contains  the  bright  sulphur  balls  also  com- 
mon to  this  bed.  Besides  its  similarity  in  appearance  and  occurrence 
as  a  basis  of  correlation  with  No.  2  coal,  there  is  a  similarity  in  the 
flora  in  the  shale  above  this  coal  and  in  that  above  the  coal  at  La  Salle, 
which  Dr.  David  White^  regards  as  suggestive  of  correlation. 

STRATA  BETWEEN   NO.  2  AND  NO.   5  COALS 

The  interval  between  No.  2  and  No.  5  coals  varies  from  1 10  to  140 
feet,  and  except  for  the  uppermost  25  feet,  is  known  only  from  records 
of  test  holes,  wells,  and  shafts.  The  section  seems  to  be  largely  shale 
with  some  bands  of  ironstone  or  hard  limestone  probably  containing 
considerable  pyrite  or  iron  carbonate,  and  with  layers  of  sandstone. 
A  few  records  show  streaks  of  coal  interbedded  with  the  shale.  The 
massive  sandstone  found  in  the  upper  part  of  the  series  between  coals 
No.  2  and  No.  5  in  Fulton  County  does  not  seem  to  be  generally  pres- 
ent at  least  in  eastern  Peoria  County. 

NO.  5  COAL 

No.  5  coal  is  a  single  bed  without  partings  or  bands  and  varies 
from  about  4  feet  to  4  feet  8  inches  in  thickness.  The  bed  is  cut  by 
numerous  clay  "veins"  which  also  penetrate  the  strata  above  the  coal 
for  an  undetermined  distance.  When  narrow  and  not  filled  with  clay 
gouge,  the  vertical  fractures  are  commonly  cemented  by  a  pyritic  vein 
material.  The  coal  contains  several  varieties  of  "sulphur"  or  pyrite, 
such  as  sulphur  balls,  lenses  of  gray  and  brown  sulphur,  sulphur  spars 
or  vein  filling  noted  in  the  preceding  sentence,  and. "black jack"  or  py- 
ritized  mother  coal.  Of  these  forms  probably  the  gray  to  brown 
lenses  of  laminated  pyrite  which  occur  in  special  abundance  near  the 
horsebacks  constitute  the  most  characteristic  variety.  The  coal  dis- 
plays no  physical  characteristics  in  itself  that  serve  to  distinguish  it 
from  other  coals  in  the  State.  It  has  the  usual  banded  appearance  of 
Illinois  coals  due  to  interlamination  of  dull  and  bright  coal. 

Distribution  of  No.  5  coal. — As  No.  5  coal  lies  above  the  level 
of  the  present  drainage  lines  in  a  considerable  part  of  the  county,  it  is 
consequently  absent  within  the  Illinois  valley  and  for  some  distance 
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Up  the  larger  tributary  valleys.    Above  Kramm,  the  coal  outcrops  along 
the  sides  of  Kickapoo  Creek  and  is  mined  by  drift  mines. 

The  distribution  of  the  coal  is  further  limited  by  pre-glacial  drain- 
age lines  which  apparently  correspond  in  general  with  those  of  the 
present,  though  the  earlier  valleys  are  wider  and  deeper  than  those 
now  existing.  A  map  of  the  pre-glacial  surface  for  the  whole  of  the 
county  is  not  possible  with  the  information  now  available,  but  Plate 
VI  reproduced  here  from  Doctor  Udden's  report^  shows  the  pre-glacial 
surface  for  the  Peoria  quadrangle.  The  following  description  of  the 
bed-rock  surface  in  the  Peoria  region  is  also  reprinted  from  the  same 
report. 

Erosion  in  pre-glacial  time  had  produced  a  land  surface  which  dif- 
fered considerably  from  the  present  topography.  Since  that  time  the  land 
has  been  rebuilt  by  glaciation,  the  general  effect  of  which  has  been  to 
reduce  the  relief.  The  old  land  surface  has  undergone  some  changes  by 
post-glacial  agencies,  but  these  are  small.  The  present  surface  of  bed 
rock  is  known  mainly  from  wells  and  other  excavations  that  have  pene- 
trated the  drift.  These  data  are  not  very  numerous,  but  an  attempt  has 
been  made  to  present  the  general  features  of  the  rock  surface  in  the 
quadrangle  by  contour  lines  on  a  separate  map  (PI.  VI).  Where  data 
are  wanting,  the  probable  course  of  these  contours  is  indicated  by  inter- 
rupted lines. 

In  the  area  west  of  Kickapoo  Creek  and  Illinois  River,  the  old  rock 
surface  closely  parallels  that  of  the  land  today.  In  Limestone  Township 
it  reaches  an  elevation  of  675  feet  in  sees.  5  and  6.  From  here  it  descends 
southward  to  an  average  height  of  550  feet  in  the  uplands  of  Hollis  Town- 
ship. The  two  Lamarsh  creeks  and  Kickapoo  Creek  above  Pottstown 
occupy  valleys  which  were  eroded  before  the  deposition  of  the  drift.  Below 
Pottstown  the  last-named  stream  evidently  has  been  lately  crowded  up  on 
the  east  slope  of  the  old  upland  to  the  west,  and  from  Horseshoe  Bottom 
to  Bartonville  it  has  cut  a  new  and  comparatively  narrow  valley  on 
this  slope. 

Under  Peoria,  and  also  under  the  upland  for  a  distance  of  3  miles 
north  from  the  city,  and  on  the  east  side  of  the  river  north  of  Farm  Creek, 
the  rock  Surface  has  an  average  altitude  of  about  400  feet  above  sea  level. 
This  is  200  feet  lower  than  the  same  surface  in  Limestone  and  Hollis 
townships.  It  rises,  however,  north  from  Pottstown,  so  as  to  bring  the 
"Coal  Measures"  again  into  view  in  some  of  the  creeks  immediately  north 
of  the  north  boundary  of  the  quadrangle.  South  from  Farm  Creek,  on 
the  east  side  of  Illinois  River,  bed  rock  rises  and  reaches  its  highest  alti- 
tude of  600  feet  above  the  sea  in  sec.  7,  Groveland  Township.  Under  the 
upland  to  the  south  it  gradually  sinks  to  an  average  height,  as  far  as 
known,  of  about  525  feet  in  the  south  part  of  Elm  Grove  Township.  Two 
wells  on  the  lowland  south  of  Pekin  reached  altitudes  of  430  and  420  feet 
above  sea  level  without  entering  bed  rock.    In  and  near  the  present  valley 
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of  the  river  the  surface  of  bed  rock  is  lower  than  in  other  localities,  as 
shown  by  an  altitude  of  355  feet  above  sea  level  at  the  Colean  factory 
welly  345  feet  near  Iowa  Junction,  and  340  feet  in  the  Pekin  water- 
works wells. 

It  is  not  improbable  that  beyond  the  boundary  of  the  Peoria 
quadrangle  similar  irregularities  in  the  pre-glacial  surface  also  exist 
and  it  is  quite  possible  that  in  places  lines  of  pre-glacial  or  inter-glacial 
drainage  might  have  developed  in  positions  not  now  occupied  by 
streams.  Such  is  the  case  in  the  eastern  part  of  Fulton  County  and 
it  is  not  improbable  that  some  of  these  drainage  lines  extend  into 
western  Peoria  County. 

A  third  limitation  upon  the  distribution  of  this  coal  is  an  intra- 
formational  sandstone  which  apparently  occupies  channels  cut  through 
the  coal  some  time  after  the  No.  5  coal  was  deposited  but  prior  to  the 
deposition  of  No.  6  coal.  In  other  words  it  is  believed  that  after  the 
accumulation  the  peat  and  overlying  muds  which  later  became  No.  5 
coal  and  its  roof  shales,  land  streams  came  into  existence  and  cut  chan- 
nels into  and  in  many  places  through  the  muds  and  peat;  and  that 
eventually  the  channels  were  filled  with  sand,  which  later  became  sand- 
stone. The  channel  deposits  apparently  have  a  fairly  definite  align- 
ment similar  to  an  ordinary  stream  channel  and  probably  have  the  usual 
branches  or  tributaries,  and  gradient.  Along  such  channel  lines,  the 
coal  is  now  absent,  the  bed  terminating  laterally  against  a  massive  sand- 
stone, the  sandstone  in  places  presenting  a  nearly  vertical  wall,  and 
in  other  places  appearing  first  in  the  roof  and  gradually  pinching  the 
coal  out  toward  the  bottom. 

In  parts  of  Peoria  County  it  has  been  possible  to  outline  the  posi- 
tion of  the  channel  deposits  (fig.  22),  but  for  most  of  the  area  in- 
formation on  which  to  base  a  map  is  insufficient.  As  this  sandstone 
is  younger  than  No.  5  coal,  further  discussion  is  reserved  for  the  fol- 
lowing section  on  the  strata  between  No.  5  and  No.  6  coals. 

It  may  well  be  emphasized  here,  however,  that  in  exploring  new 
properties  in  Peoria  County  the  determination  of  the  position  and 
depth  of  the  lines  of  pre-glacial  drainage  and  the  location  of  channel 
sandstones  which  may  cut  through  the  No.  5  coal  become  matters  of 
great  importance.  It  is  not  safe  to  open  any  property  in  the  county 
without  learning  the  facts  in  regard  to  these  two  uncertain  elements. 
Carelessness  in  this  regard  may  result  in  the  operator  suddenly  find- 
ing himself  without  adequate  roof  and  even  without  coal. 

STRATA  BETWEEN  NO.  5  AND  NO.  6  COALS 

Over  No.  5  coal  is  a  black  fissile  shale  ("miners'  slate")  similar 
to  that  of  Fulton  County.    In  the  course  of  Doctor  Udden's  more  de- 
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tailed  description,^  he  mentions  the  whitish  streaks  fotind  in  this  ^ale 
as  shown  in  figure  14,  and  describes  small  calcareous  nodules  and  the 
larger  "niggerheads"  which  characterize  this  bed.  Above  the  roof 
shale  is  a  layer  of  limy  shale  which  merges  into  the  limestone  cap- 
rock  above.  When  the  clay  and  limestone  above  is  soft,  it  is  generally 
known  as  clod  and  is  very  fossiliferous.*  At  the  top  of  the  clod  in 
many  places  is  a  bed  of  sulphur  (marcasite)  2  to  6  inches  thick,  the 
lower  surface  of  which  is  very  irregular  due  to  protuberances  1  to  3 
inches  in  height  and  width,  called  by  the  miners,  "cat"  or  "cat  claw." 
Where  the  marcasite  is  more  calcareous  and  clayey,  it  is  called  the 
"iron  band." 

Above  the  clod  is  a  shale  which  in  most  places  measure  4  to  8 
feet  but  which  reaches  a  thickness  of  20  feet  locally,  due  to  its  uneven 
upper  surface.  This  is  overlain  by  a  sandstone  averaging  55  feet  in 
thickness,  the  lower  surface  of  which  conforms  with  the  irregularities 
of  the  uneven  surface  of  the  shale,  as  described  above.  It  is  this  sand- 
stone that  in  places  continues  down  through  the  horizon  of  No.  5  coal, 
forming  what  have  been  alluded  to  above  as  the  channel  sandstones; 
and  it  is  described  by  Udden  as  the  most  conspicuous  unit  in  the  ex- 
posed section  of  the  "Coal  Measures"  in  this  region.  It  is  present 
almost  continuously  in  the  west  bluffs  of  Kickapoo  Creek  from  Bar- 
tonville  to  Pottstown  and  in  the  bluffs  of  the  same  stream  south  of 
Edwards.  It  appears  along  almost  every  stream  which  drains  the  up- 
land on  the  west  side  of  Illinois  River  and  Kickapoo  Creek  and  also 
in  some  creeks  near  East  Peoria  in  Tazewell  County. 

The  sandstone  just  described  changes  somewhat  abruptly  into 
shale  and  fire  clay  above.'  There  is  generally  3  to  4  feet  of  dark  or 
^ray,  slightly  sandy  shale  above  the  sandstone,  which  is  overlain  by 
2  to  3  feet  of  fire  clay  of  greenish-gray  color.  The  fire  clay  immedi- 
ately underlies  No.  6  coal. 

By  way  of  summary,  a  section  of  the  outcropping  strata  from 
No.  5  coal  to  some  distance  above  No.  6  coal  is  given  below. 
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Section  of  the  rocks  in  the  west  bluff  of  Kickapoo  Creek,  near  the  Schmidt 
mine  near  the  smith  line  of  sec,  13,  Limestone  Townshdp 
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Discussion  of  the  channel  sandstones. — The  correct  interpretation 
of  the  sandstone  "faults"  in  No.  5  coal  in  Peoria  County  is  a  matter 
of  some  moment  to  the  operators  in  the  southern  part  of  the  area, 
because  the  accepted  interpretation  will  have  considerable  control  over 
the  exploration  methods.  They  are  believed  by  the  author  to  be  chan- 
nel sandstones,  but  the  older  alternative  view  of  Doctor  Udden,  pre- 
sented in  his  report  on  the  Peoria  quadrangle  and  outlined  below, 
must  be  taken  into  consideration. 

The  manner  in  which  the  sandstone  cuts  out  the  coal  has  been 
described  very  briefly  in  the  preceding  section  of  No.  5  coal,  and  ad- 
ditional facts  about  the  phenomenon  are  to  be  gathered  from  the 
accompanying  illustrations  (figs.  15-20)  and  the  following  notes  on 
variations  in  coal  thickness  on  fractures  adjacent  to  the  "faults" : 

In  two  of  the  mines  along  the  east  side  of  the  channel  sandstone  or 
"fault"  in  HoUis  Township  (T.  7  N.,  R.  7  E.),  the  coal  shows  unusual 
variations  in  thickness,  the  bed  increasing  rather  than  diminishing  in 
thickness,  as  compared  with  the  average  thickness.  Sketches  and  figures 
from  the  mine  of  the  Leitner  (formerly  German)  Coal  Company,  indi- 
cating that  in  places  in  this  mine  the  coal  thickens  to  10  feet,  apparently 
due  to  duplication  or  overthrusting  of  the  bed  produced  by  lateral  pressure. 
A  similar  thickening  of  the  coal  has  been  observed  in  Brewster  and  Evans 
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(Walben)  mine  in  tlie  short  distance  north  of  the  Leitnet  mine.  In  the 
Walben  mine  no  evidence  of  overthrusting  was  observed  but  the  coal  in- 
creased in  thickness  gradually  from  a  general  average  of  4  feet  6  inches 
to  5  feet  V  inches  at  the  edge  of  the  "fault." 

In  these  same  mines  evidence  of  disturbance  is  also  seen  in  the  folding, 
fracturing  and  shattering  which  affects  the  coal,  as  illustrated  in  figures 
lo  to  20.  In  some  instances  the  coal  is  so  brecciated  and  broken  that  It 
may  be  easily  worked  with  pick  and  shovel. 

After  describing  in  accurate  details  the  fractures,  disturbances. 


Fkj.  16. — Photograph  of  the  roof  and  southwest  wall  of  main  entry  of  the 
L^tner  Coal  Company's  mine  in  the  SE.  M  sec.  2,  T.  7  N,,  R.  7  E. 

Looking  southeast  (See  fig.  16,  d.)  A  projecting  flange  of  the  coal  is  seen 
in  the  center  rising  in  the  roof  over  the  timbers.  Several  of  the  shear- 
ing joints  show  indistinct  horizontal  striae  or  flutings. 

Reproduced  from  Bull.  506  by  permission  of  the  U.  S.  Geological  Survey. 
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and  thickening  of  the  coal  at  the  contact  of  the  coal  and  the  channel 
sandstone,  as  summarized  above,  Udden '  assigns  the  phenomena  to 
glacial  fracturing: 

"The  author  believes  that  the  fractures  are  disturbances  in  the  upper 
part  of  the  soft  bed  rock,  caused  by  the  pressure  and  motion  of  a  con- 
tinental ice  sheet  in  Pleistocene  time;  that  they  are  planes  marking  the 
outlines  of  immense  blocks  of  the  uppermost  rock  strata,  tens,  or  possibly 
hundreds  of  acres  in  extent,  which  have  been  dislodged  from  their  original 
position,  displaced,  fractured,  rotated  horizontally  and  in  places  vertically, 
and  partly  ^ound  into  the  till.  He  regards  the  region  as  having  been  a 
locus  of  incipient  glacial  abrasion.  Instead  of  thoroughly  triturating  the 
grist,  the  glacial  mill  here  merely  blocked  it  out  of  the  old  land  on  VFhich 
it  spent  its  force." 


Fig.  IT.^Photograph  of  the  left  (southwest)  wall  of  the  mine  entry  shown 
in  Figure  16. 

Looking  southwest.  (See  fig.  16,  /.)  A  fracture  runs  diagonally  across  the 
center  of  the  field  separating  the  sandstone  on  the  left  from  the  coal  on 
the  right  Near  the  sandstone  the  coal  is  shattered  and  mixed  with 
fragments  of  shale  and  sandstone. 

Reproduced  from  Bull.  506,  by  permission  of  the  U.  S.  Geological  Survey. 
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In  support  of  Udden's  theory,  it  is  true  that  along  the  lines  of 
the  pre-glacial  valleys,  especially  where  cut  into  deeply  by  the  present 
streams,  there  is  abundant  evidence  of  local  dislocation  by  what  may 
be  called  ice  push.  And  it  is  also  true  that  such  localities  in  some 
instances  happen  to  be  in  areas  corresponding  to  or  Contiguous  to  the 
area  occupied  by  the  channel  sandstone  in  the  Lamarsh  Creek  basin. 
However,  in  the  author's  opinion,  to  assign  the  absence  of  the  coal  and 
other  phenomena  observed  at  the  sandstone  "faults,";  to  glacial  dislo- 
cation seems  to  call  for  an  unusual  and  almost  improbable  exhibition 
of  gladal  activity. 


FlO.  18, — Another  view  of  the  mine  wall  shown  in  Figure  17.  (See  fig.  15, 
g.)  An  S-shaped  Bheared  fracture  is  indicated  by  the  letters  a,  b,  c. 
Somewhat  irregular  indistinct  horizontal  flutings  appear  to  the  right 
of  a  line  Joining  a  and  b. 

Reproduced  from  Bull.  606,  by  permission  of  the  U.  S.  Geolc^ical  Survey. 
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The  author's  interpretation  of  the  sandstone  "faults"  is  indicated 
by  the  use  of  the  term  "channel  sandstone"  and  is  outlined  here  in 
historical  form: 

After  the  accumulation  of  the  peat  and  overlying  muds  now 
represented  by  No.  5  coal  and  its  roof  shales,  land  streams  came  into 
existence  and  cut  channels  into  the  muds  and  peat,  thereby  removing 
both  mud  and  peat  along  their  courses  (fig.  21A).  Eventually  a  layer 
of  sand  at  least  a  score  of  feet  thick  and  in  many  places  much  thicker 


Pig.  19. — View  of  the  right  (northeast)  wall  of  the  same  mine  entry  as 
Shown  in  figures  15,  16,  17,  and  18. 

Looking  northeast.  (See  fig.  15,  k,  opposite  g.)  The  fractured  face  of  the 
coal  appears  above  and  to  the  left  of  the  receding  entry  in  the  lower 
right-hand  comer  of  the  view.  Horizontal  flutings  appear  on  the  face 
of  the  coal  at  a.  An  S-shaped  belt  of  fissured  coal  and  shale  separates 
the  coal  from  the  sandstone  on  the  left,  and  other  fissures,  roughly 
parallel  to  this  belt,  appear  indistinctly  at  6. 

Reproduced  from  Bull.  606,  by  permission  of  the  U.  S.  Geological  Survey. 
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was  spread  widely  over  the  region,  thickest  o£  course  aloi^  the  posi- 
tions of  the  channels  and  thinner  over  the  intervening  areas  (fig.  21B). 
Subsequently  the  sand  was  covered  over  by  the  muds  and  silts  upon 
which  the  peat  for  No.  6  coal  was  still  later  deposited.  With  the  burial 
of  the  peat  and  overlying  muds  and  sands  under  an  increasing  load 
of  still  younger  sediments,  the  peat  changed  gradually  into  coal  and 
the  muds  and  sands  into  shales  and  sandstones.  In  such  a  process  of 
consolidation,  the  muds  and  shales  shrink  comparatively  little,  but  the 
peat  is  reduced  to  some  such  fraction  as  one-fifth  of  its  original  thick- 
ness. The  consequent  difTerential  shrinkage  between  the  strata  away 
from  the  channel  lines  resulted  in  the  setting  up  of  pressures  and 
strains  which  were  relieved  in  such  a  way  that  the  fracturing,  coal 


Fig.  20. — Another  view  of  the  mine  wall  shown  in  Figure  16.  (See  dg.  15, 
opposite  h.)  Bed  a  is  dark  shale  with  some  streaks  of  coal,  somewhat 
shattered,  possibly  the  same  as  b;  b  is  the  roof  shale  of  No.  5  coal;  c 
is  No.  5  coal;  d  is  sandstone. 

Beprodnced  from  Bull.  606,  by  permission  of  the  U.  S.  Geological  Survey. 
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thickening,  and  attendant  phenomena  exhibited  at  the  "faults,"  were 
developed.  Figure  21C  is  an  attempt  to  present  diagrammatically  the 
author's  idea  of  the  way  in  which  the  forces  probably  acted  in  effecting 
the  readjustments  made  necessary  by  the  differential  shrinkage. 

The  economic  bearing  of  the  correct  interpretation  of  the  phe- 
nomena rests  upon  the  importance  of  determining  the  nature  of  the 
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Fig.  21 — Diagrammatic  sketch,  indicating  probable  original  conditions, 
movements,  and  results,  in  the  formation  of  the  channel  sandstones 
("faults")  of  Peoria  County.    See  text  for  explanation. 
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"fault."  If  this  is  a  purely  glacial  phenomenon  related  to  ice  shove, 
as  proposed  by  Udden,  then  the  delineation  of  areas  where  such  a 
phenomenon  is  to  be  found  becomes  very  difficult.  But  if  on  the  other 
hand  the  disturbance  can  be  traced  to  the  existence  of  a  channel  sand- 
stone, it  becomes  a  matter  of  reasonable  possibility  to  locate  the  posi- 
tion and  trend  of  such  a  deposit.  Without  examining  the  "channel 
sandstone"  interpretation  at  length,  two  points  may  well  be  mentioned 
here  in  its  support,  the  first  very  briefly,  but  the  second  in  somewhat 
more  detail  and  with  a  map  because  of  its  weight  and  its  practical 
application  to  the  "fault"  problem. 

1.  The  pressures  and  strains  developed  by  differential  settling  of 
the  magnitude  assumed,  would  seem  to  be  entirely  adequate  to  the 
production  of  the  features  now  observed  at  the  "faults." 

2.  As  a  result  of  the  past  ten  years'  investigation,  drilling,  and 
mine  operations,  engineers  and  operators  have  analyzed  the  "faults" 
as  masses  of  sandstone  penetrating  below  the  horizon  of  the  coal  and 
have  blocked  out  their  extent  over  an  area  sufficient  to  indicate  that 
they  have  the  general  alignment  of  stream  channels. 

The  position  of  the  channel  sandstones  over  the  whole  of  the 
Peoria  region  is  not  very  definitely  known.  Many  of  the  mines  south 
of  Peoria  and  those  in  Tazewell  County  near  East  Peoria  have  felt 
out  the  edge  of  the  "faults"  so  that  some  idea  of  the  position  of  one 
of  the  sandstones  is  available.  South  of  Peoria  the  Leitner  Coal  Com- 
pany's mine,  and  the  Walben  mine,  M.  E.  Case  Coal  Company  have 
worked  up  to  the  edge  of  the  sandstone.  The  Wolschlag  mine  is  re- 
ported to  lie  immediately  to  the  east  of  the  "fault."  Numerous  drill 
holes  to  test  the  coal  have  penetrated  the  sandstone  in  the  area  lying 
between  the  east  branch  of  Lamarsh  Creek  and  the  Illinois.  Additional 
drilling  has  been  recently  completed  west  of  the  east  branch  of  La- 
marsh  Creek.  The  area  of  coal  aflFected  by  the  sandstone  seems  to 
be  confined  to  a  strip  of  territory  lying  along  the  east  side  of  the 
valley  of  the  east  branch  of  Lamarsh  Creek  and  extending  south  of 
Lamarsh  Creek  along  the  bluff  of  the  Illinois  as  far  as  Mapleton.  A 
similar  area  where  the  sandstone  cuts  out  the  coal  is  reported  in  the 
vicinity  of  Wesley  in  Tazewell  County. 

The  accompanying  map  (fig.  22)  shows  the  status  of  information 
concerning  the  position  of  the  channel  sandstone  south  of  Peoria  and 
in  HoUis  and  Limestone  townships  as  worked  out  largely  by  Mr.  W. 
C.  Evans  of  Peoria  by  drilling  and  observation  in  mines. 
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22. — Map  showing:  the  position  of  the  channel  sandstone  south  of  Peoria. 
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With  the  meager  reports  that  are  in  existence  concerning  die 
succession  of  strata  in  the  part  of  Peoria  County  outside  of  the  Peoria 
qtiadrangle  it  is  impossible  to  say  that  there  are  no  other  areas  of  dian- 
nel  sandstone  in  the  county,  penetrating  the  horizon  of  No.  5  coal. 
None  of  the  mines  located  at  Hanna,  Glass  ford,  or  Kramms  reports 
such  "faults"  in  the  area  under  operation.  However,  exploration  of 
undeveloped  coal  land  should  be  guided  by  the  possibility  of  such  an 
irregularity  being  present. 

NO.  6  COAL 

No.  6  coal  lies  in  two  benches,  separated  by  a  layer  of  clay  known 
as  the  "blue  band."  Part  of  Udden's  description  ^  of  this  coal  is  cited 
herewith : 

"The  lower  bench  varies  from  1  foot  3  inches  to  1  foot  8  inches  thicks 
The  'clay  band'  as  the  'blue  band'  is  also  called  by  the  miners,  is  uniform 
and  persistent,  being  absent  in  a  few  places,  and  is  2  to  3  inches  thick. 
The  upper  bench  of  the  coal  is  in  many  places  partly  destroyed.  *  *  * 
Where  intact,  it  measures  2  feet  1  inch  to  2  feet  6  inches  thick.  In  ad- 
dition to  this  there  is  in  places  about  6  inches  of  bony  coal,  which  was 
probably  only  locally  deposited.  ♦  •  *  In  places  the  lower  part  of  the  coal 
has  two  interrupted  bands  of  marcasite,  one  about  5  inches  from  the  bot- 
tom and  the  other  9  inches  higher  up.  These  measure  one-fourth  to  one- 
half  inch  thick." 

Field  investigations,  drilling,  and  some  mining  of  this  bed  dem- 
onstrate that  No.  6  coal  is  more  uncertain  in  its  distribution  than 
No.  5.  The  seam  varies  greatly  in  thickness  and  in  places  seems  to 
be  entirely  missing.  The  cause  of  its  irregular  distribution  seems  to 
be  erosion  subsequent  to  deposition  rather  than  failure  of  deposition. 
In  the  case  of  No.  5  coal,  the  removal  of  the  peat  and  absence  of  the 
coal  was  along  rather  well-defined  lines  of  what  were  apparently  the 
courses  of  stream  channels.  But  the  removal  of  No.  6  coal  was  seem- 
ingly along  less  definitely  organized  lines  suggesting  that  possibly  the 
irregularities  in  the  coal  are  actually  inheritances  of  irregularities  in 
the  original  bog  in  the  low  parts  of  which  there  may  have  been  open- 
water  ponds  and  sluggish  streams,  these  channels  and  ponds  being 
ultimately  filled  with  silt  and  sand.  These  conditions  of  deposition 
seem  to  have  persisted  over  the  entire  area  in  which  No.  6  coal  was 
deposited  in  the  State.  The  coal  seems  to  have  been  more  commonly 
affected  by  the  irregularities  in  this  region  than  in  some  parts  of  the 
State,  but  the  general  nature  of  the  irregularities  seems  to  be  every- 
where the  same. 
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MC  LEANSBORO  FORMATION 
STRATA  BETWEEN   NO.   6   AND   NO.    7   COALS. 

In  Peoria  County  the  strata  composing  the  McLeansboro  forma- 
tion include  all  the  rocks  between  the  drift  and  No.  6  coal.  No.  7  coal, 
one  of  the  widespread  coal  beds  of  the  State,  which  in  the  Danville 
and  Longwall  districts  is  of  workable  thickness,  occurs  25  to  30  feet 
above  the  base  of  the  formation,  but  in  this  district  is  nowhere  of  com- 
mercial thickness. 

The  strata  overlying  No.  6  coal  vary  considerably.    The  normal 
succession,  occurring  where  the  entire  section  is  present,  consists  of  a 
gray  shale,  in  places  dark  gray,  18  inches  to  2  feet  thick,  overlain  by 
limestone  averaging  a  little  more  than  2  feet  and  in  sixteen  measure- 
ments, according  to  Udden,  ranging  from  3  inches  to  4  feet.    In  many 
places  the  shale  above  the  coal  is  replaced  by  a  variable  sandy  deposit 
known  among  the  miners  as  "white  top."    Udden  expresses  the  opinion 
that  this  deposit  is  of  much  later  age  than  the  strata  it  replaces  or 
between  which  it  is  inclosed  and  suggests  that  it  originated  as  cave 
wash  in  solution  cavities  located  in  the  under  part  of  the  limestone 
cap-rock,  erosion  in  which  also  affected  the  upper  part  of  the  coal  bed.^ 
The  present  writer,  on  the  other  hand,  is  of  the  opinion  that  the  sandy 
shale  composing  the  "white  top"  represents  deposits  in  depressions  in 
the  original  peat  bog.    It  is  believed  that  the  lack  of  well-defined  bed- 
ding in  these  deposits  and  the  presence  of  slickensided  surfaces  and 
partings  and  the  conchoidal  fracture  of  the  material  which  Udden  cites 
as  evidence  of  the  "cave"  origin,  were  produced  as  a  result  of  the 
"kneading"  to  which  the  deposits  were  subjected  because  of  the  differ- 
ential shrinkage  of  areas  of  the  peat  of  considerably  different  thickness. 
The  shrinkage  of  a  bed  of  peat  to  coal  now  about  4  feet  thick  would 
be  in  some  proportion  ranging  between  32  to  1  and  3  to  1,  5  to  1  being 
apparently  the  approximate  average  proportion  that  holds  for  Illinois 
coals.    It  is  clear  that  if  the  coal  in  places  is  4  feet  thick  and  in  other 
places  because  of  the  presence  of  a  lenticular  body  of  shale  embedded 
in  its  upper  part  only  half  as  thick  or  less,  movement  must  have  taken 
place  to  adjust  the  strains  that  resulted  from  differential  shrinkage  of 
the  thick  and  thin  peat.    As  a  result  of  the  readjustments  that  must 
take  place  in  the  lens  of  sandy  shale  or  "white  top"  this  material  will 
be  "kneaded"  and  fractured  and  will  tend  to  lose  much  if  not  all  of  its 
originally  laminated  structure.    The  material  will  accordingly  furnish 
a  very  treacherous  roof  because  of  lack  of  coherence.     Not  uncom- 
monly the  strains  are  carried  downward  into  the  coal,  fracturing  and 
displacing  it,  especially  along  the  edge  of  the  "white  top"  masses. 

lOp.   cit.,   pp.    84-85. 
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The  cap-rock  of  No.  6  coal  is  fairly  continuous,  apparently  even 
more  continuous  than  the  coal  itself.  The  rock  is  an  impure  argil- 
laceous limestone,  the  lime  content  of  which  does  not  appear  to  com- 
prise much  more  than  half  the  rock.  It  does  not  have  the  appearance 
of  a  rock  that  would  develop  large  cavities  by  the  action  of  ground 
water.    Udden^  describes  the  rock  as  follows: 

"Clay  seams  separate  it  into  four  or  five  beds  of  unequal  thickness. 
In  places  the  middle  beds  weather  into  blocks  a  foot  and  a  half  thick.  The 
thin  top  layer  is  in  places  separated  from  the  other  beds  by  a  seam  of 
clay  measuring  several  inches. 

"The  rock  is  light  gray  in  color.  In  places  it  exhibits  an  indistinct 
nodular  or  concretionary  structure,  the  nodules  measuring  one-half  to  one 
inch  in  diameter,  but  this  is  not  general.  With  the  aid  of  a  lens  nearly 
one-third  of  the  mass  of  the  upper  beds  is  seen  to  consist  of  organic  frag- 
mentSy  representing  mostly  brachlopods,  crinoids,  and  Fusulinas,  These 
lie  embedded  in  an  apparently  structureless  calcareous  matrix.  Many  of 
the  shell  fragments  are  appreciably  rounded.  Fragments  of  Fusulina 
can  be  found  in  every  piece  of  rock.  Another  constant  characteristic  is  the 
presence,  especially  in  the  upper  beds,  of  black  nodular  lumps  impregniated 
with  bituminous  material.  They  are  sharply  delineated  from  the  matrix 
and  exhibit  a  rough  exterior  surface.  In  many  places  they  contain  frag- 
ments of  shells  and  appear  to  conform  to  the  structure  of  the  limestone 
itself.  In  size  they  vary  from  a  mere  speck  to  masses  2  inches  in  diameter. 
Generally  they  are  three-fourths  of  an  inch  in  diameter  and  slightly  flat- 
tened. In  the  upper  beds  there  are  in  places  rounded  pieces  of  calamarian 
stems,  which  are  also  black  from  impregnating  bituminous  material  and 
exhibit  a  coarse  cellular  tissue."  ^     . 

In  Illinois  the  fossil  Fusulina  (now  known  as  Girtyina)  mentioned 
in  the  foregoing  quotation  is  apparently  restricted  in  its  occurrence  to 
the  limestone  cap-rock  of  No.  6  coal  and  to  a  limestone  supposed  to 
occur  several  hundred  feet  above  No.  6  coal  and  found  only  in  the 
eastern  part  of  the  State.  The  fossil  has  somewhat  the  appearance  of 
a  short  thick  oat  grain.  Because  it  is  almost  invariably  present  in 
ever>'  piece  of  the  rock  down  to  the  size  of  a  walnut  and  is  rather 
readily  found,  it  serves  as  an  accurate  and  practical  method  of  identi- 
fying this  limestone  and  the  coal  a  short  distance  beneath  it. 

Above  the  limestone  is  light-gray  or  greenish  shale  or  "soapstone" 
above  which  is  a  massive  sandstone,  but  which  ranges  in  thickness 
from  10  to  25  feet  but  averages  about  20  feet.  Between  the  sandstone 
and  the  fire  clay  of  No.  7  coal  is  generally  clay  shale  1  to  8  feet  thick. 
In  some  places  this  is  dark  greenish  gray,  and  in  others  dark  red  or 
brown.  This  red  clay  Udden  regards  as  an  infallible  guiding  stratum 
for  the  coal  beds  of  this  region.    Where  present,  it  lies  from  8  to  16 


lOp.    cit.,    p.    34. 
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feet  under  coal  bed  No.  7  and  no  other  red  clay  is  exposed  in  the  Penn- 
sylvanian  system  in  the  Peoria  region.  It  is  noteworthy  that  a  bed  of 
variegated  shales  is  also  reported  to  be  present  in  District  VIP  within 
50  feet  above  No.  6  coal.  As  a  rule  in  that  area  they  lie  a  short  dis- 
tance above  No.  7  coal. 

NO.  7  COAL 

No.  7  coal  is  generally  present  in  the  county  except  where  it  has 
been  removed  by  erosion.  It  maintains  a  very  uniform  thickness  of 
about  18  inches,  which  is  insufficient  to  make  the  coal  of  commercial 
value,  at  least  for  many  years. 

Udden  states  that  the  coal  is  especially  characterized  by  lenses  of 
mineral  charcoal  commonly  found  near  the  top  of  the  bed.  In  places 
the  charcoal  is  impregnated  with  pyrite  and  appears  as  "sulphiu*  cakes" 
or  "blackjack." 

STRATA  ABOVE  NO.  7  COAI* 

The  roof  of  No.  7  coal  consists  of  a  few  inches  of  gray  soft  shale 
resting  upon  the  coal  and  above  this,  black  shale  in  varying  thickness 
from  6  inches  to  2  feet.  In  some  places  the  black  shale  rests  directly 
upon  the  coal.  Above  the  black  shale  there  are  in  most  places  a  few 
feet  of  slightly  siliceous  and  micaceous  shale.  The  overlying  sandstone 
rests  upon  an  uneven  surface  of  sufficient  relief  to  entirely  eliminate 
the  upper  shale  in  many  places  so  that  it  rests  upon  the  underlying 
black  shale  and  even  upon  the  gray  clay  below.  The  sandstone  varies 
in  texture  from  sandy  shale  to  sandstone.  Generally  the  lower  beds 
are  coarser.  Udden  states*  that  about  a  mile  west  of  Bartonville  this 
sandstone  is  nearly  40  feet  thick. 

At  the  top  of  these  sandy  beds  is  about  6j4  feet  of  dark  shale, 
part  of  which  is  thought  by  Udden  to  represent  an  old  soil.  This  is 
followed  by  a  20- foot  limestone  ledge,  known  as  the  Lonsdale  limestone 
from  its  exposure  at  the  old  Lonsdale  quarries.  "The  lower  5  feet  of 
this  rock  consists  of  a  firmly  cemented  largely  organic  limestone,  in 
beds  varying  in  thickness  from  6  inches  to  1^  feet."  In  places  part  of 
the  rock  consists  "of  a  calcareous  mud-lump  breccia,  in  which  regular 
lumps  of  a  dark  compact  structureless  carbonate  of  lime  are  embedded 
in  a  less  pure,  greenish-gray  matrix.  In  this  matrix  fragments  of 
fossils  also  occur."  Above  these  firm  beds  there  are  15  feet  of  a 
slightly  argillaceous  and  more  flaggy  rock,  in  which  concretionary 
structure  can  nearly  always  be  detected.' 

Above  the  limestone  is  a  15-foot  sandstone  which  has  only  a 

iKay,  P.  H.,  Coal  Resources  of  District  VII:  Illinois  Coal  Mining  Investl- 
nations  Bull.   11,  p.  24.  1915. 

2U.  S.  Geol.  Survey  Bull.  506,  p.  88. 
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limited  distribution  as  has  also  the  overlying  dark  shale,  which  is  the 
uppermost  Pennsylvanian  stratum  in  the  Peoria  quadrangle.  The  gen- 
eral dip  of  the  rocks  toward-  the  southeast  makes  it  probable  that  the 
youngest  "Coal  Measures"  rocks  will  be  found  in  the  southeast  part  of 
the  coimty. 

Deposits  Above  the  Coai,-bearing  Rocks 

The  material  overlying  the  Pennsylvanian  strata  consists  either  of 
alluvium  or  glacial  drift,  that  is  unconsolidated  stony  clay,  and  sand 
and  gravel.  Because  the  bed-rock  surface  was  a  land  surface  before 
glaciation,  except  for  a  relatively  thin  covering  of  soil  and  of  alluvium 
along  streams,  it  was  affected  by  the  ordinary  processes  of  stream 
action  which  produced  the  usual  organized  lines  of  drainage  with 
divides  separating  them.  The  glacial  drift  left  by  the  continental  ice 
sheet  tended  to  cover  up  the  inequalities  in  the  surface  overridden  by 
the  ice,  and  to  produce  a  new  surface  with  a  relief  originating  in  the 
unequal  distribution  and  thickness  of  the  drift.  The  drift  has  a  bear- 
ing on  mining  operations  because  it  conceals  the  form  of  the  underlying 
rock  surface  and  the  character  of  the  outcropping  rocks,  and  renders 
the  distribution  a  single  stratum,  such  as  a  coal  bed,  difficult  to  deter- 
mine without  drilling. 

The  alluvium  is  confined  to  the  valleys.  The  river  which  occupied 
the  valley  of  the  Illinois  before  glacial  time  flowed  at  a  much  lower 
level  and  at  a  position  slightly  different  from  that  of  the  present  river. 
The  map  of  the  pre-glacial  surface  (PI.  VI)  shows  the  position  of  the 
pre-glacial  valley  and  the  altitude  of  the  channel.  It  will  be  noted  that 
the  deepest  part  of  this  valley  had  an  altitude  of  about  350  feet  above 
sea  level.  As  No.  2  coal  lies  at  an  altitude  of  about  300  feet  in  the 
vicinity  of  Orchard  Mines  and  Pekin,  it  follows  that  this  coal  is  prob- 
ably very  lightly  covered  with  drift  if  not  removed  within  the  pre- 
glacial  Illinois  valley  in  the  southern  part  of  the  county.  What  is 
possibly  this  coal  is  reported  to  outcrop  below  the  valley  fill  beneath 
the  bed  of  the  river  about  opposite  Kingston  Mines.^ 

The  wide  area  of  deep  filling  at  Peoria  and  up  Kickapoo  Creek 
and  a  similar  area  of  thick  drift  across  the  Illinois  in  Fondulac  Town- 
ship, Tazewell  County,  and  the  general  slopes  of  the  old  pre-glacial 
upland  surface  in  Kickapoo,  Limestone,  and  Hollis  townships  and  in 
Groveland  Township,  Tazewell  County,  suggest  to  Udden*  the  pos- 
sibility that  the  old  upland  was  continuous  across  the  valley  at  the 
position  of  present  narrows  between  Bartonville  and  Hollis.     This 


iCooley,  Lyman  E.,  The  Illinois  River;  physical  relations  and  removal  of 
the  navigation  dams:  Sanitary  District  of  Chicago,  Chart  opposite  paffe  42, 
1914. 
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upland  in  that  case  would  represent  a  divide  between  a  stream  crossing 
the  course  of  the  present  Illinois  in  a  northwest-southeast  direction  at 
about  the  position  of  Peoria  and  Kickapoo  Creek  and  another  stream 
farther  south.  Udden,  however,  presents  another  h)rpothesis  to  account 
for  the  narrows.  "If  the  Illinois  River  valley  antedates,  the  glacial 
epoch,  its  narrow  course  between  Iowa  Junction  and  Pekin  may  be  due 
to  the  comparatively  more  resistant  sandstone  above  coal  bed  No.  5 
which  prevented  as  rapid  recession  of  the  bluffs  on  both  sides  of  the 
valley  as  has  taken  place  elsewhere." 

The  character  and  position  of  the  pre-glacial  valleys  in  Peoria 
County  that  may  exist  outside  of  the  area  of  the  Peoria  quadrangle 
have  not  been  reported. 

Outcrops  along  the  west  bluff  of  the  Illinois  are  nearly  continuous 
southward  from  Kickapoo  Creek,  and  northward  from  Senachwine 
Creek  at  Chillicothe.  Between  Peoria  and  Chillicothe,  however,  the 
bluffs  are  composed  of  glacial  till,  representing  remnants  of  the  filling 
in  the  pre-glacial  Illinois  valley. 

The  Minabi^e  Coal  of  Peoria  County 

Udden  states  that  no  less  than  seven  coal  beds  occur  in  the  Penn- 
sylvanian  rocks  of  the  Peoria  region,  of  which  only  three  are  exposed. 
Of  these  seven,  but  four  have  commercial  value,  and  of  these  four  only 
three  have  been  operated  during  the  last  calendar  year.  The  beds  of 
workable  thickness  are  No.  1,  No.  2,  No.  5,  No.  6,  and  No.  7.  Of  these 
only  No.  5  is  worked  extensively  on  a  commercial  scale.  One  com- 
mercial mine  has  reopened  workings  in  No.  2  coal,  and  several  wagon 
mines  operating  No.  6  and  No.  7  coal.  The  general  character  of  these 
coals  has  been  described  in  the  section  devoted  to  the  geological  suc- 
cession in  Peoria  County.  It  remains  to  consider  the  coals  from  an 
economic  viewpoint  and  to  review  the  factors  that  affect  its  commercial 
value.  These  are  distribution,  thickness,  chemical  character  of  the  coal, 
nature  of  impurities  and  irregularities,  and  character  of  roof  and  floor. 
The  coals  will  be  described  in  an  order  the  reverse  of  that  just  used  in 
discussion  of  the  strata,  of  the  Pennsylvanian  system. 

NO.  7  coal 

No.  7  coal  is  not  of  workable  thickness  in  the  central  and  southern 
^art  of  the  county.  Udden^  states  that  the  coal  averages  1  foot  5  inches 
in  the  Peoria  quadrangle,  and  that  the  uniformity  of  its  thickness  is 
remarkable  in  that  area.    Worthen*  states  in  regard  to  this  coal  that: 


lUdden,  J.  A.,  Geologry  and  mineral   resources  of  the  Peoria  quadrangle: 
U.  S.  Geological  Survey  Bull.  506,  p.36.  1912. 

2Worthen,  A.  H.,  Geological  Survey  of  Illinois,  Vol.  6,  p.  249,  187S. 
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"In  the  northern  portion  of  the  county,  No.  7  is  the  principal  coal 
outcropping  above  the  valleys  of  the  streams,  and  the  lower  seams  can 
only  be  reached  by  shafts,  or  by  an  inclined  tunnel  carried  down  to  their 
level.  This  seam  ranges  from  two  and  a  half  to  three  feet  in  thickness 
in  this  part  of  the  county,  and  its  outcrop  may  be  found  on  most  of  the 
small  streamis.  It  is  very  regular  in  its  development,  and  affords  a  coal 
of  fair  quality  where  it  is  mined  beyond  the  influence  of  atmospheric 
agencies." 

The  thickening  of  No.  7  coal  northward  in  the  northern  part  of 
the  county  and  thence  toward  the  Longwall  District  parallels  a  thinning 
of  No.  6  coal  in  the  same  direction.  In  the  northern  district  No.  6 
coal  is  apparently  absent,  whereas  No.  7  has  a  thickness  of  between 
4  and  5  feet.  In  northeastern  Peoria  County  north  of  Chillicothe,  No. 
7  coal  has  been  worked  at  a  number  of  wagon  mines.  In  this  vicinity 
the  coal  is  about  three  feet  thick.  The  Survey  has  little  definite  in- 
formation in  regard  to  the  area  underlain  by  No.  7  coal  of  workable 
thickness,  or  of  the  general  mining  conditions. 

MINE  NOTES,  NO.  7  COAL 

The  following  notes  taken  in  Crew  Brothers'  mine  north  of  Chilli- 
cothe in  1909  are  given  in  lieu  of  more  adequate  data. 

CREW  brothers'   LOCAL   MINE,   NEAR   CHILUCOTHE 

Entrance:     Drift;  No.  7  coal. 

Thickness  of  coal:     Varies  from  2  feet  to  3%  feet;  averages  3  feet. 

Section  of  the  coal: 
Section  of  No,  7  eoal  in  Crew  Brothers^  mine,  near  Chillicothe 

Thickness 
Ft.  in. 

Roof:     Black  slate,  or  soapstone 

Coal    10% 

Trace  of  clay 

Coal   6% 

Trace  of  clay 

Coal    6 

Parting   

Coal   7% 

Mother  coal  and  trace  of  pyrite 1 

Coal   4 

Floor:     Fire  clay 


• . 


2  11% 

Character  of  the  coal :  The  seam  is  fairly  uniform  throughout.  The 
bottom  coaly  below  the  mother  coal,  and'  the  coal  just  above  the  mother 
coal  are  somewhat  harder  than  the  other  benches.  The  trace  of  pyrite  in 
the  mother  coal  is  persistent  throughout  the  mine.  It  was  called  the  "blue 
band,"  but  is  not  to  be  confused  with  the  well-known  "blue  band''  so 
characteristic  of  No.  6  coaL 
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Character  of  the  roof  and  floor:  The  roof  is  a  black  shale  or  ''slate" 
which  is  in  places  replaced  by  "soapstone."  There  was  no  limestone  present 
as  a  cap-rock.    The  floor  is  fire  clay. 

NO.  6  COM. 

As  No.  6  coal  lies  at  an  altitude  of  about  550  feet  in  the  Peoria 
region,  it  is  consequently  above  the  level  of  the  Illinois  and  of  Kickapoo 
Creek  for  a  considerable  distance  above  the  mouth  of  the  Kickapoo. 
In  western  Peoria  County  at  Elmwood  No.  6  coal  is  below  stream  level 
and  has  an  altitude  of  about  575  to  600  feet.  It  has  about  the  same 
altitude  at  Princeville.  It  is  apparent  that  most  of  the  county  is  under- 
lain by  this  coal,  that  it  is  generally  under  sufficient  cover  and  with 
roof  undisturbed,  so  as  to  be  accessible  for  drift  mining  in  many  places, 
especially  along  Kickapoo  Creek. 

The  coal  possesses  certain  characteristics  which  stand  in  the  way 
of  its  general  exploitation.  It  is  more  irregular  in  its  development  than 
any  of  the  other  coals  and  principally  for  this  reason  it  is  generally 
neglected.  Worthen  states  in  regard  to  this  coal  that  "When  fully 
developed  it  is  quite  as  thick  as  No.  5,  but  the  miner  who  commences 
drifting  into  this  coal  on  a  promising  outcrop  from  four  to  five  feet  in 
thickness,  will  frequently,  in  a  distance  of  a  hundred  yards  or  less, 
find  the  coal  gradually  thinning  out  to  one-half  its  original  thickness."^ 
Apparently  the  coal  is  more  persistently  developed  in  workable  thick- 
ness in  the  northwestern  part  of  the  county  than  in  the  southern  or 
eastern  part.  Along  the  Illinois  valley  northward  from  Chillicothe  it 
seems  to  be  thinner  than  No.  7  and  has  not  been  much  worked. 

Roof  conditions  also  present  difficulties  in  the  working  of  the  coal 
that  are  not  easily  overcome.  The  regular  normal  roof  is  shale,  com- 
monly gray,  but  in  places  nearly  black,  6  inches  to  possibly  3  feet  thick, 
above  which  is  a  persistent  cap-rock,  averaging  about  2  feet  thick  in 
the  Peoria  quadrangle  but  ranging  from  3  inches  to  4  feet.  It  is  pos- 
sibly considerably  thicker  in  some  places  in  the  northern  part  of  the 
county.  Notes  taken  about  ten  years  ago  in  a  mine  located  near  Brim- 
field  state  that  25  to  30  feet  of  limestone  are  present  in  that  locality. 
Under  normal  roof  condition  no  serious  difficulties  are  encountered. 
The  roof  shale,  which  is  commonly  a  foot  or  less  in  thickness,  usually 
falls  soon  after  the  coal  is  extracted,  leaving  a  good  hard  limestone 
roof.  The  expense  of  removing  the  shale  is  ccmsiderable,  of  course, 
but  the  cost  of  its  removal  can  be  fairly  well  estimated,  so  that  it  can  be 
anticipated  before  a  project  is  started.  The  usual  roof,  however,  is  in 
many  places  replaced  by  "white  top,"  the  nature  and  possible  cause 

iWorthen,  A.  H.,  0«olOflrical  Survey  of  lUinola,  Vol.  6,  pp.  249-260.     1878. 
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of  which  were  discussed  on  an  earlier  page.  It  is  sufficient  to  restate 
here  that  this  material  appears  to  be  the  sand  and  sandy  mud  filling  of 
depressions  existing  in  the  original  peat  swamp,  later  covered  along 
with  the  rest  of  the  area,  by  the  limestone  cap-rock.  Adjustments  that 
were  necessary  because  of  the  differential  shrinkage  during  the  change 
of  the  peat  and  sands  to  coal  and  rock  destroyed  the  original  structure 
of  the  sandy  lens,  "kneading"  and  crushing  them  until  they  now  lack 
coherence  and  are  very  difficult  to  hold.  Moreover,  the  adjustments 
commonly  produced  fractures  in  the  coal  and  weakened  the  overlying 
limestone.  The  total  result  is  a  roof  condition  generally  above  thin 
coal  that  is  extremely  undesirable,  as  it  is  dangerous  and  costly  to 
provide  for.  No  system  of  distribution  of  the  "white  top"  has  been 
discovered.  It  is  usually  present  to  some  extent  in  any  body  of  coal 
large  enough  to  be  worked,  and  mines  have  been  worked  until  the  poor 
roof  conditions  exist  in  half  or  more  of  the  workings.  Profitable  min- 
ing is  impossible,  however,  under  these  conditions. 

It  is  apparent  that  commercial  exploitation  of  No.  6  coal  in  this 
region  is  not  to  be  considered  while  No.  5  coal  is  present  in  large  blocks 
suitable  for  mining.  It  is  possible  that  some  system  more  suitable  for 
operating  the  No.  6  coal  than  the  room-and-pillar  method  can  be  em- 
ployed, designed  to  meet  the  uncertainties  that  exist,  and  it  is  possible 
also  that  careful  investigation  of  white  top  in  the  region  may  reveal 
some  system  of  distribution  the  discovery  of  which  will  assist  in  devis- 
ing a  suitable  method  for  the  extraction  of  the  good  coal.  At  present 
no  block  of  this  coal  should  be  considered  for  development  without 
intensive  drilling  to  determine  the  roof  conditions  and  the  thickness  of 
the  coal. 

No.  6  coal  is  characteristically  divided  into  beds  or  benches  wher- 
ever it  occurs  in  the  State.  Partings  and  seams  of  clay,  mother  coal, 
or  pyrite  are  generally  present  and  in  this  county  apparently  always 
present  to  subdivide  the  bed  into  benches.  Udden  describes  the  bed  as 
subdivided  into  only  two  benches  by  the  clay  seam  or  "blue  band,"  a 
seam  of  clay  or  shale  J4  to  3  inches  thick,  found  12  to  14  inches  from 
the  bottom  and  33  to  46  inches  from  the  top  of  the  coal.  Where  the 
white  top  is  present  more  or  less  of  the  upper  bench  is  absent,  so  that 
the  thickness  of  this  bench  varies  considerably.  As  a  general  thing  it 
is  believed  that  the  bottom  bench  is  undisturbed.  Observations  in 
various  local  mines  indicate  that  bedded  impurities  other  than  the  clay 
or  blue  band  are  very  persistent  at  least  locally.  A  rather  continuous 
band  of  "sulphur"  of  clay  lies  in  the  lower  bench  generally  in  the  upper 
half.     It  is  not  always  possible  to  identify  blue  band  with  certainty 
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where  both  of  these  bands  are  present,  as  they  are  commonly  quite 
similar.  The  upper  bench,  above  the  blue  band,  commonly  contains 
several  thin  partings.  One,  12  to  18  inches  from  the  top,  seems  to  be 
fairly  persistent  in  the  mines  in  the  northern  part  of  the  county,  others 
are  of  local  distribution,  not  being  persistent  even  throughout  the  work- 
ings of  a  single  small  mine.  The  total  effect  of  these  various  impurities 
is  to  make  the  coal  as  produced  rather  dirty,  although  the  individual 
benches  between  the  partings  are  clean  coal.  The  task  of  mining  clean 
coal  by  carefully  separating  the  dirt  from  the  coal  in  the  mine  is  rather 
exacting  upon  the  miner  and  it  is  doubtful  whether  it  can  generally  be 
effectively  accomplished.  Mechanical  separation  by  washing  or  other 
means  would  probably  produce  much  cleaner  coal  than  the  usual  mine- 
run  output. 

The  occurrence  of  pyrite  ("sulphur")  in  bands  and  thin  lenses  is 
characteristic  of  No.  6  coal  nearly  everywhere  in  the  State  except  in 
the  area  of  low-sulphur  coal  in  southern  Illinois.  This  sheet  or  plate 
pyrite  is  commonly  of  either  a  bright  or  a  stony  dull  variety,  compact 
and  structureless.  As  its  separation  from  the  coal  is  comparatively 
easy,  this  coal  is  more  readily  cleaned  of  its  sulphur  than  other  beds 
in  which  lenticular  laminated  gray  or  brown  pyrite  is  found.  The  fact 
that  the  pyrite  commonly  occurs  in  the  partings  makes  it  all  the  more 
readily  extracted  at  the  face. 

.Observations  in  a  few  of  the  local  banks  indicate  that  this  coal 
like  No.  5  is  cut  by  clay  veins  or  horsebacks.  They  are  not  so  common, 
however,  as  to  be  typical  of  the  bed,  and  do  not  represent  a  serious 
impurity  in  the  coal  as  is  commonly  the  case  in  No.  5. 

The  floor  of  this  coal  is  fire  clay,  with  no  peculiar  characteristics 
so  far  as  is  known. 

MINE  NOTES,  NO.  6  COAL 

The  following  observations  were  made  in  a  few  mines  in  the 
county  operating  No.  6  coal.  Some  have  since  been  abandoned  and 
all  were  local  operations  at  the  time  the  observations  were  made. 

BERRY   BROTHERS'   WAGON    MINE,    NEAR   BRIMFIELD 
IN  THE  SW.  *^,  NW.  %,  SEC.  5,  T.  10  N.,  R.  6  E. 

Entrance:     Shaft;  depth  to  No.  6  coal  about  35  feet 

Thickness  of  coal:  Varies  from  2  feet  to  4  feet  9  inches;  averages 
3  feet  3  inches. 

Section  of  the  coal: 
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Seetion  of  No.  6  coal.  Berry  Brothers'  mine,  near  Brwifield      ,  .  , 

X  ulCKilCSS 

Ft.  in. 

Coal  (top  coal)   1  6 

Pyrite    % 

Coal   1 

Clay  band   ("blue  band")    2 

Coal 1 

Pyrite    % 

Coal   1 

"4  9" 

The  best  coal  in  the  above  section  is  the  upper  30  inches.  The  two 
bands  of  pyrite  noted  are  persistent  throughout  the  workings. 

Character  of  the  coal:  The  general  succession  is  indicated  by  the 
above  generalized  section.  Clay  slips  or  "horsebacks"  are  common  and 
there  is  considerable  "white  top"  present.  The  coal  dips  to  the  northeast 
about  1  per  cent,  and  one  small  fault  with  2^  feet  displacement  was  noted. 

Character  of  the  roof:  The  normal  roof  is  gray  to  black  shale  which 
falls  with  the  coaly  with  a  limestone  cap-rock  above.  The  small  fossil 
Girtyina  was  identified  in  fragments  of  this  rock,  which  establishes  the 
identity  of  the  coal. 

Character  of  the  floor:  The  floor  is  described  as  fire  clay.  No  un- 
usual characteristics  were  noted. 

TAYLOR   AND    SONS'    WAGON    MINE   AT   PRINCEVILLE, 
NW.  %,  NW.  %,  SBC.  24,  T.  11  N.,  R.  6  E. 

Entrance:     Shaft;  depth  to  No.  6  coal  about  75  feet. 
Thickness  of  coal:     Varies  from  2  feet  to  5  feet  2  inches;  averages 
4  feet  8  inches. 

Sections  of  the  coal: 

Section  of  No.  6  coal  in  Taylor  and  Sons^  heal  mine  a*  Princeville 
Ist  room  off  let  west  entry ,  500  feet  from  shaft  Thickness 

Ft-  in 

1.  Coal   2% 

2.  Parting 

3.  Coal    10 

4.  Clay   parting    % 

5.  Coal % 

6.  Clay    % 

7.  Coal ..  10 

8.  Pyrite    Va 

9.  Coal    4% 

10.  Clay    % 

11.  Coal    6% 

12.  Clay  ("blue  band,"  called  clay  band) . .  2% 

13.  Pyrite % 

14.  Coal    7 

15.  Clay  (called  "blue  band")    % 

16.  Coal    6 

17.  Pyrite % 

18.  Coal    7 

~4  10% 
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Character  of  the  coal:  Of  the  partings  noted  in  the  preceding  sec- 
tion of  the  coaly  numbers  4,  8,  12;  15  and  17  are  persistent.  As  the  section 
indicates,  the  coal  is  rather  dirty  because  of  the  numerous  bands  of  im- 
purity.   The  coal  between  the  bands,  however,  is  clean. 

Character  of  the  roof:  The  immediate  roof  is  a  black  to  gray  car- 
bonaceous shale  spoken  of  as  ''ramble."  This  is  about  6  inches  thick 
and  above  it  is  the  limestone  cap-rock.  The  shale  falls'  with  the  with- 
drawal of  the  coal,  leaving  a  firm  hard  limestone  roof.  No  record  is  made 
of  the  presence  of  ''white  top"  in  this  mine. 

Character  of  the  floor:  An  impure  coal  composed  of  a  mixture  of 
mother  coal  and  shale  commonly  is  present  in  the  bottom  of  the  bed  to  a 
thickness  of  6  inches  or  less.  Below  this  material  fire  clay  is  reported 
to  be  present. 

WAGON   MINE,  LOCATED  BETWEEN   GLASFORD  AND   HANNA, 
SW.   %   SB.   ^   NE.   ^,  SEC.  34,  T.  8  N.,  R.  6  E. 

Entrance:    Drift;  No.  6  coal. 

Thickness  of  coal:     Average  3  feet  10  inches. 

Section  of  coal: 

Section  of  coal  in  local  mine,  north  of  Glasford 

Thickness 

FU  in. 

Limestone  with  many  Girtyina 3  feet  to      4 

Shale,  gray 4  inches  to     . .  8 

Coal   2 

Blue  band 1%  to3  inches,  average     . .  1 

Coal    : 3 

Pyrite  lenses   up  to     . .  3 

Coal    5 

Clay  band %  inch  to     . .  % 

Coal    9% 

Fire  clay    


3  10 


NO.  5  COAI, 

No.  5  coal  is  the  most  valuable  bed  in  the  county.  Its  desirability 
rests  upon  its  fairly  widespread  occurrence,  its  uniform  thickness,  the 
satisfactory  mining  conditions  under  which  much  of  it  can  be  worked, 
and  the  absence  of  impurities  that  can  not  be  removed  by  careful  min- 
ing. In  places,  however,  conditions  exist  that  render  the  cost  of  mining 
prohibitive  of  profit,  or  that  affect  the  quality  of  the  coal  in  such  a  way 
as  to  render  it  unmarketable.  These  conditions  are  local,  however, 
being  far  from  conunon  enough  to  condemn  the  whole  body  of  coal. 

Conditions  which  affect  the  distribution  of  the  coal  have  already 
been  described  at  some  length  earlier  in  this  bulletin,  in  the  discussion 
of  the  strata  between  No.  5  and  No.  7  coals.  The  attention  of  the 
reader  who  is  especially  interested  in  the  irregularities  in  the  distribu- 
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tion  of  the  coal  is  therefore  directed  to  the  discussion  on  pages  161 
to  163,  and  165  to  175.  It  may  be  repeated  here  that  uncertain- 
ties with  respect  to  the  distribution  of  the  coal  that  are  of  significance 
in  the  development  of  new  properties  are  of  two  sorts.  One  results 
from  the  lack  of  definite  information  with  regard  to  the  position  and 
depth  of  lines  of  pre-glacial  drainage,  and  the  other  from  the  undeter- 
mined extent  and  distribution  of  certain  bodies  of  sandstone,  which 
have  been  termed  channel  sandstones,  and  which  lie  across  the  position 
of  No.  5  coal. 

Udden  states  that  the  average  thickness  of  No.  S  coal  is  4  feet 
4  inches  for  the  Peoria  quadrangle.  This  is  probably  a  fairly  accurate 
estimate  for  the  entire  county,  although  no  figures  are  available  con- 
cerning the  thickness  of  this  coal  in  the  northern  part  where  No.  6 
rather  than  No.  5  coal  is  being  mined  at  local  banks.  The  coal  shows 
a  variation  in  thickness  of  not  over  5  to  6  inches  in  each  area  where 
it  is  worked.  In  the  places  where  it  departs  from  the  usual  thickness, 
the  bed  more  commonly  tends  to  be  thinner  rather  than  thicker  than 
the  average.  The  more  common  variations  in  thickness,  however,  are 
apparent  rather  than  real,  being  due  to  small  faults  accompanied  by  a 
slight  displacement  at  the  position  of  the  clay  slips  or  horsebacks. 
When  the  plane  of  movement  is  inclined,  the  result  is  to  produce  an 
apparent  thinning  of  the  bed  when  measured  vertically  across  the  fault 
plane  (fig.  23).  Such  slight  displacements  at  horsebacks  are  the  most 
frequent  cause  of  variations  in  thickness  of  the  No.  5  coal. 

The  irr^ularities  in  No.  5  coal  that  are  the  most  continual  source 
of  difficulty  and  expense  are  the  horsebacks,  both  clay  slips  and 
"sulphur  spars."  The  number  of  these  differs  considerably  in  different 
parts  of  the  county,  some  mines  encountering  them  in  great  numbers, 
whereas  other  mines  find  so  few  that  they  are  of  little  consequence. 
The  mines  in  Hollis  and  Limestone  townships,  except  those  west  of 
Mapleton,  seem  to  be  more  troubled  by  the  horsebacks  than  those 
farther  west  at  Glasford,  Hanna,  and  Edwards. 

The  Peoria  County  horsebacks  are  similar  to  those  described  in 
Fulton  County  and  to  those  that  occus  elsewhere  in  this  district.  At 
least  for  a  short  distance  above  the  coal  the  coal  bed  and  overlying 
strata  have  been  fractured  and  in  some  instances  offset  along  the 
fracture.  The  planes  of  fracture  are  generally  nearly  vertical  and 
rarely  if  ever  inclined  more  than  45  degrees.  Opposite  sides  of  the 
fractures,  along  which  there  has  been  no  movement  to  offset  the  bed, 
are  roughly  parallel.  The  fractures  themselves  have  been  filled  with 
clay,  which  apparently  has  been  forced  into  them,  or  with  vein  pyrite 
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where  they  are  very  narrow.  The  upper  layers  of  the  coal  next  to  the 
fractures  that  are  clay  filled  have  commonly  been  forced  downward, 
and  fragments  of  roof  shale  are  found  in  the  fissures  below  the  top  of 
the  coal,  indicating  that  the  clay  has  been  forced  in  from  above.  This 
relationship  possibly  does  not  always  hold  and  possibly  is  of  no  great 
significance,  for  whether  the  clay  originated  below  or  above  the  coal  it 
obviously  is  forced  into  the  fissures  in  the  coal  as  an  adjustment  of 
inequalities  in  pressure  which  probably  are  responsible  for  the  frac- 
turing. 


Fig.  23. — Diagrammatic  sketch  showing  the  manner  in  which  faulting  along 
a  horseback  will  effect  an  apparent  thinning  of  the  coal  bed. 

Where  these  horsebacks  are  present,  production  of  clean  coal  and 
the  support  of  the  roof  near  the  fractures  are  difficult.  The  first  diffi- 
culty is  met  by  discarding  all  the  coal  affected  by  the  horseback.  The 
clay  veins  are  generally  rather  heavily  impregnated  with  pyrite  which 
also  fills  many  of  the  smaller  cracks  in  the  coal  adjacent  to  the  main 
fissure,  so  that  the  horseback  and  some  attached  coal  on  either  side  is 
usually  removed  in  large  pieces.    The  expense  of  removing  the  horse- 
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backs  is  indicated  by  the  following  agreement  between  the  operators 
and  miners  of  the  Second  Sub-District,  dated  April  1,  1918: 

''Eighteen — ^That  all  horsebacksi  rolls,  or  slips,  marking  the  coal  two 
to  six  inches  average  width  in  the  center  of  such  horseback,  roll,  or  slip, 
whether  coming  from  top  or  bottom,  shall  be  $2.80,  and  23  cents  for  each 
additional  inch  thereafter. 

"When  a  slip,  roll,  or  horseback  continues  with  the  working  place  more 
than  the  width  of  such  working  place,  it  shall  be  paid  for  at  the  same  rate, 
as  long  as  it  continues  with  the  said  working  place." 

The  coal  removed  and  wasted  by  this  method  of  handling  the 
horsebacks  amounts  to  a  very  considerable  proportion  of  the  coal  mined 
in  some  operations. 

The  second  difficulty  noted  above,  that  of  supporting  the  roof 
near  horsebacks,  is  a  very  serious  one.  If  the  cracks  are  numerous  and 
rather  wide,  so  that  the  cohesion  of  the  cap-rock  is  weakened,  the  strata 
are  almost  impossible  to  hold.    Horsebacks  that  run  with  an  entry  not 
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Fig.  24. — Sketch  showing  the  cracks  cutting  the  roof  along  the  6th  south- 
east entry  of  the  Leitner  Coal  Company's  mine. 

uncommonly  cause  "falls"  their  entire  length  of  many  feet.  Such  con- 
ditions of  course  make  the  expense  of  mining  very  high.  There  is 
apparently  no  systematic  attempt  in  any  of  the  mines  to  remedy  the 
conditions.  They  are  met  as  they  arise  and  the  success  or  failure  of 
a  mining  enterprise  depends  largely  upon  the  company's  fortune  in 
striking  a  good  or  bad  piece  of  coal.  Unfortunately  drilling  does  not 
assist  much  in  determining  the  frequency  of  the  horsebacks.  The  pros- 
pector for  new  resources  is  dependent  upon  information  gained  at  out- 
crops, in  local  banks,  and  in  mines  adjacent  to  the  property  under 
consideration. 

The  accompanying  sketch  (fig.  24)  of  the  cracks  cutting  the  roof 
along  one  entry  of  the  Leitner  Coal  Company's  mine  will  give  some 
idea  of  the  frequency  of  the  horsebacks  in  some  mines  in  the  region. 

The  "sulphur  spars"  are  nearly  as  expensive  and  possibly  more 
troublesome  to  handle  than  the  clay  veins.  The  pyrite  is  true  vein 
filling  which  not  only  occupies  the  space  opened  by  the  fissure  but 
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ramifies  the  adjacent  coal  along  small  cracks  and  cleavage  planes.  The 
result  is  a  mass  of  hard  coal  commonly  extending  as  much  as  four 
inches  either  side  of  the  main  vein.  This  material  is  exceedingly  hard 
to  cut  and  is  more  objectionable  to  the  miner  than  the  clay  veins,  al- 
though the  latter  are  larger. 

"Sulphur"  or  pyrite  other  than  that  found  in  the  sulphur  spars  is 
an  impurity  of  varying  importance.  In  some  mines  it  is  very  common 
and  its  removal  a  matter  of  considerable  difficulty.  In  other  mines  it  is 
of  small  consequence.  In  general  the  sulphur  is  more  common  in  those 
mines  in  which  the  coal  bed  is  crossed  by  numerous  horsebacks.  The 
pyrite  is  principally  of  two  kinds :  the  bright  brassy  variety  conunonly 
fotmd  near  the  roof  or  in  the  upper  part  of  the  coal ;  and  the  brown 
or  gray  pyrite  lenses.  The  former  is  present  in  about  the  same  amount 
in  all  the  mines  irrespective  of  the  number  of  horsebacks  present;  the 
latter  is  distributed  in  greater  abundance  near  horsebacks,  and  espe- 
cially near  the  clay  veins.  The  gray  or  brown  sulphur  occurs  as 
lenticular  masses  with  indistinct  outline  and  grayish  color,  and  ap- 
parently consists  of  interlaminated  pyrite  and  carbonaceous  material. 
Many  of  the  gray  pyrite  lenses  widen  out  toward  a  contiguous  clay 
vein,  attaining  their  greatest  size  at  the  contact.  The  lenses  are  not 
uncommonly  4  inches  thick  at  the  thickest  part  and  extend  laterally  as 
much  as  3  or  4  feet.  This  material  is  supposed  to  be  rejected  by  the 
miner,  a  docking  system  being  in  force  to  encourage  the  loading  of 
clean  coal.  The  laminated  pyrite  seems  to  have  an  origin  dependent 
in  some  manner  upon  the  Assuring  and  therefore  constitutes  additional 
difficulty  with  which  the  mines  having  numerous  horsebacks  must 
contend.  In  themselves,  however,  they  are  not  a  very  serious  impurity, 
and  do  not  greatly  affect  the  value  of  the  coal. 

Some  of  the  mines,  in  addition  to  the  varieties  of  pyrite  already 
described,  have  a  streak  or  thin  lens  of  pyrite  from  one-eighth  to  one 
inch  thick  and  about  half  an  inch  above  the  bottom  of  the  coal.  This 
sulphur  comes  up  with  the  bottom  coal  and  is  then  broken  off,  together 
with  more  or  less  attached  coal.  Not  uncommonly,  likewise,  the  lens 
or  mass  of  limestone  lying  between  the  coal  and  the  "slate"  and  carry- 
ing many  fossils  is  generally  replaced  to  considerable  extent  by  p)rrite 
so  that  the  fossils  and  texture  of  the  rock  are  preserved  in  pyrite  rather 
than  limestone.  The  "niggerheads"  in  the  black  "slate"  are  also  pyrit- 
ized,  though  commonly  only  in  a  zone  at  the  surface.  In  some  of  the 
mines  south  of  Peoria  a  discontinuous  layer  of  "brown"  pyrite  is  pres- 
ent about  midway  in  the  bed. 

The  typical  roof  of  No.  5  coal  in  this  coimty  as  elsewhere  is  a 
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succession  of  black  "slate"  about  1  foot  thick,  above  which  is  about 
12  inches  of  gray  clay  or  clod,  and  8  to  12  inches  of  cap-rock.  The 
thickness  of  the  cap-rock  may  vary  considerably  from  this  figure,  but 
as  it  usually  stays  up,  its  general  thickness  is  not  accurately  deter- 
minable.   Except  where  broken  by  fissures  the  roof  is  very  satisfactory. 

Over  part  of  the  coal  is  a  massive,  substantial  sandstone  roof. 
This  roof  is  most  commonly  found  near  the  "faults"  or  channel  de- 
posits that  have  been  described.  The  coal  is  not  essentially  different 
under  the  sandstone  from  what  it  is  under  the  shale.  Under  each 
variety  of  cover  it  has  the  usual  horsebacks  and  other  irregularities, 
the  fissures  continuing  up  into  the  roof  whether  it  be  sandstone  or  shale. 

The  floor  is  a  fire  clay  of  the  usual  character  and  gives  no  special 
difificulties. 

MINE  NOTES,  NO.  5  COAL 

The  following  observations  are  presented  with  the  idea  that  they 
will  throw  light  on  conditions  in  local  areas  in  the  field. 

LOGAN  COAL  COMPANY'S  NO.  1  MINE  AT  HANNA  CITY 

Entrance:     Shaft;  about  236  feet  to  No.  5  coal. 
Thickness:     About  3  feet  4  inches. 
Sections  of  the  coal:^ 

Sections  of  coal  bed  in  Hanna  City  mine 

Section  A  B  C  D 

Laboratory  No.  22982  22983  22984  22985 

Ft.     in.  Ft.     in*  Ft.     in.  Ft.     in. 

MXvvif  snaie  ^ ts  ree v .*•..      ..       ..  ..       ..  ..       ■•  ••       •• 

Coal,  bony 6*  . .       . .  . .       . .  . .         6* 

Coal,  bright 1        6  1        0  3        3  1        0 

"Sulphur"  to  "mother 

coal"    Streak  ..         %♦  ..      ..  Streak 

Coal,  hard 1        4  2        8%  . .       . .  1      10 

Floor,  underclay • .  . .       . .  . . 

Thickness  of  bed 34  34  33  34 

Thickness  of  coal  sampled      2      10  3        3%  3        3  2      10 

*Not  included  in  sample. 

Character  of  the  roof  and  floor:  Roof  is  a  hard  gray  shale  about 
2  feet  6  inches  thick;  the  floor  is  underclay  3  to  5  feet  thick. 

Samples  were  collected  at  the  places  where  the  sections  were  made 
and  analyzed  by  the  U.  S.  Bureau  of  Mines,^  and  the  results  are  reprinted 
as  a  part  of  Table  3  of  this  report. 

CLARK  COAL  AND  COKE  COMPANY'S  EMPIRE   (NO.  2)    MINE  AT  PEORIA 

Entrance:     Shaft;  depth  to  No.  5  coal,  180  feet. 

Thickness  of  coal:    Varies  from  3  to  4^  feet;  average  4  feet. 

Sections  of  the  coal: 

lU.  S.  Bureau  of  Mines  Bull.  123,  p.  179. 
2U.  a  Bureau  of  Mines  Bull.  128.  p.  35. 
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Empire  Mine 
Sections  of  No.  5  coal  in  the  Clark  Coal  and  Coke  Company's 

Section  1 — First  butt  entry  off  11th  east  entry     Thickness 

Ft.  in. 

Coal    7% 

Soot  seam 

Coal    11% 

Soot  seam  1  10 

Coal    8% 


1^ 


Section  2 — Fa^ie  13th  entry  off  main  south  entry 


Thickness 
Ft-  in. 


Roof:     Black  shale   

Coal,  clean  

Mother  coal  parting   

Coal,  clean  

Mother  coal   

Coal,  fairly  clean  2 

Floor :     Fire  clay 


11 


I 


3  3 

Impurities:     Pyrite  in  vertical  streaks  and  a  few  horizontal  streaks 
of  mother  coal. 

Section  3 — Room  3,  7th  south  entry  off  11th  west  off  straight  south 

Thickness 
Ft.  in. 

Roof:     Black  shale   

Coal,  fairly  clean       3  5 

Bone    % 

Coal,  clean  . .  1^ 

Bone    % 

Coal,  clean 5V^ 

Floor:     Shell  coal  and  fire  clay. 

""4  i~ 

Impurities:     Bone  and  mother  coal  in  horizontal  streaks;  calcite  in 
vertical  streaks. 

Section  U — Face^  3d  north  entry  off  1st  west  off  straight  south 

Thickness 
Ft.  in. 

Roof:     Black  shale   

Coal,  clean,  bright  1 

Mother  coal   

Coal,  fairly  clean,  slightly  streaked 

"Sulphur" 

Coal,  fairly  clean  1 

Bone,  lens 

Coal,  fairly  clean  

Floor:     Fire  clay 

~4 


1 

1% 

•   • 

% 

•    • 

11% 

•    ■ 

% 

1 

% 

•   • 

% 

•    • 

11 

•    m 

•    • 
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Impurities:  Calcite  in  joint  cracks;  pyrite  in  vertical  streak's;  mother 
coal  and  pyrite  in  horizontal  streaks. 

Character  of  the  coal:  The  coal  is  described  by  the  observer  who 
measured  section  No.  1  as  tough,  hard  to  break,  and  uniform  in  quality 
throughout  with  no  definite  line  of  impurity.  Occasional  sulphur  balls 
and  the  clay  slips  characteristic  of  No.  5  are  present,  but  not  common. 

Character  of  the  roof:  Above  the  coal  is  2  inches  of  "draw  slate" 
followed  by  1  to  2  feet  of  dark  "slate,''  in  places  containing  a  limestone 
band  or  cap-rock  up  to  18  inches  in  thickness.  Sandstone  overlies  the 
black  shale  and  where  the  shale  is  thin  it  always  falls.  Niggerheads 
are  common  in  the  roof  shale. 


CRESCENT    COAL    COMPANY'S    NO.    1    MINE    ABOUT   3    MILES    NORTH 

OF    BARTONVILLE 

Entrance:  Shaft;  195  feet  to  the  top  of  No.  5  coal. 
Thickness  of  coal:  Average  thickness  4  feet  2  inches.^ 
Sections  of  the  coal: 

Sections  of  No.  5  coal  in  the  mine  of  the  Crescent  Coal  Company 
Section  1 — Face  of  the  5th  southeaet  entry 

Thickness 

Ft.  in. 

Roof :     Black  shale   

Coal,  fairly  clean 10 

Mother  coal  and  dirt % 

Coal,  dirty  3  6 

Floor:     Dark  gray  shale  


4  4'>4 


Impurities:     Coal  contains  pyrite,  mother  coal  and  dirt  in  horizontal 
streaks  with  calcite  in  the  joint  cracks. 

Section  2 — Fcwc  off  room  22,  off  6th  north  entry 

Thickness 
Ft.  %n. 

Roof:     Black  shale   

Coal,  fairly  clean  1  10% 

Pyrite  parting % 

Coal,  fairly  clean  1  2 

Mother  coal,  soft   % 

Coal,  dirty   1 

Floor:     Dark  gray  shale 


iThlrty-sixth   Annual   Coal   Report   of   Illinois:    Department   of  Mines   and 
Minerals,    1917,    p.    84. 
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Section  S — Face  of  10th  south,  vjf  west  entry 

Thickness 
Ft.  in. 

Roof:     Black  shale   

Coal,  clean  lOV^ 

Mother  coal   % 

Coal,  dirty,  dull   1  2 

Mother  coal   % 

Coal,  dirty,  dull   1  2 

Mother  coal   % 

Coal,  fairly  clean  2  1 

Floor :     Dark  gray  shale 

""4  2~ 

Impurities:     Pyrite,  mother  coal  and  dirt  in  horizontal  streaks;  pyrite 
in  vertical  streaks. 

OOLUER  CO-OPERATIVE  COAL  COMPANY'S  NO.  1  MINE,  AT  BARTONVILLE 

Entrance:     Slope;  110  feet  to  floor  of  mine. 

Thickness  of  coal:     Varies  from  4  to  4%   feet;   averages  4  feet  8 
inches. 

Sections  of  the  coal: 
Sections  of  No.  5  coal  in  mine  of  Collier  Co-operative  Coal  Company 
Section  1 — Room  4S  off  10th  entry  off  main  north; 

SfSOO  feet  southeast  of  shaft  Thickness 

¥%•  Vft, 

Roof:     Black  shale   18 

Coal,  clean  4  1 

Floor:     Fire  clay 1  8 

■ 

Section  2^ — At  fa/:e  of  6th  north  entry  off  main  west  entry 

Thickness 
Ft.  in. 

Roof:     Dark  shale 

Coal,  conchoidal  fracture   5 

Coal,  rough  fracture  3  7 

Coal  and   "sulphur"    1* 

Floor:     Brittle  clay 

Section  S^ — At  face  of  room  1,  4th  north  entry  in  by  Sd  north  parting 

Thickness 
Ft.  in. 

Roof:     Dark  shale 

Coal,  conchoidal  fracture 7 

Coal,  rough  fracture  1  1 

Coal  and  "sulphur"   %* 

Coal    2  6% 

Floor:     Brittle  clay 

•Not  indudod  in  sample.  ^  " 

iSee  footnoto  1,  page  195  opposite. 
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Section  P — At  face  of  5th  north  entry  off  main  west  entry 

Thickness 
Ft.  in. 

Roof:     Dark  shale 

Coal)  conchoidal  fracture  6 

Coal,  rough  fracture  '. 3  7 

Coal  and  "sulphur" % 

Floor:     Brittle  clay 


•  • 


4  1% 

Character  of  the  coal:  The  bed  is  reported  to  be  fairly  uniform  with 
few  horsebacks  and  no  rolls  or  faults. 

Character  of  the  roof  and  floor:  The  roof  is  dark  shale  about  10 
feet  thick^  above  which  is  a  limestone  cap-rock,  havMig  an  irregular  sur- 
face.    The  floor  is  a  brittle  underclay. 

The  analyses  are  of  samples  collected  where  the  sections  Nos.  2,  3, 
and  4  were  measured  by  the  U.  S.  Bureau  of  Mines.^ 

M.  E.  CASE  COAL  COMPANY'S  NO.   1    (WALBEN)    MINE,  SOUTH  OF  PEORIA 

Entrance:     Drift;  about  16  feet  to  the  top  of  No.  5  coal. 

Thickness  of  coal:  Averages  4  feet  7  inches.  The  coal  thickens 
greatly  near  the  sandstone  "fault,"  but  elsewhere  its  thickness  is  very 
uniform. 

Sections  of  the  coal: 

Sections  of  No.  5  coal  in  Walhen  mine  of  the  M.  E.  Case  Coal  Company 

Section  1 — Room  J^S,  7th  south  off  6th  west 

Thickness 
Ft.  in 

'Root:     Sandstone 

Coal    1  8% 

Clay  and  pyrite % 

Coal    6% 

Clay  and  pyrite  interlaminated   H 

Coal   '2 

Floor:     Fire  clay 


•  •  « • 


4  4 

Section  2 — End  of  7th  south  off  6th  west 

Thickness 
Ft.  in 

Roof:     Black  slate 

Coal    1  9 

Pyrite  and  clay  intimately  laminated ^ 

Coal  with  some  streaks  of  clayey  mother  coal 2  % 

3  10 

iFleldner,  A.  C,  Smith,  H.  I.,  et  al,  Analyses  of  mine  and  car  samples 
of  coul  collected  in  the  fiscal  years  1913  to  1916:  U.  S.  Bureau  of  Mines  Bull. 
123p  pp.  178,  179,  1918. 

2U.  8.  Bureau  of  Mines  Bull.  123.  p.  35. 


196  COAL  RESOURCES  OF  DISTRICT  IV 

Character  of  the  coal:  The  coal  is  uniform  in  its  general  character- 
istics. The  bed  commonly  carries  a  layer  of  intimately  int«rlamin&ted 
pyrite  and  carbonaceous  clay  known  as  brown  "sulphur"  about  2  feet 
below  the  top,  but  this  impurity  is  not  persistent  Horsebacks  are  common 
and  are  of  some  special  interest  because  the  breaks  generally  continae 
up  into  the  sandstone  which  lies  upon  or  a  short  distance  above  the  coaL 
In  the  3d  west  entry  off  the  4th  south,  the  sandstone  at  one  place  showed 
an  open  crevice  above  a  horseback  out  of  which  the  gage  has  fallen  for 
a  height  of  15  to  20  feet.  Clay  shale  shows  in  the  top  of  the  crack.  It 
was  not  clear  whether  the  clay  was  a  continuation  of  the  filling  or  a  shale 
bed  above  the  sandstone.  The  crack  looked  like  a  crack  that  had  been 
produced  or  at  least  widened  by  weathering,  the  sides  being  rounded, 
or  smoothed  rather  than  clean  and  sharp.  There  was  essentially  no  offset 
of  any  of  the  beds. 

Below  the  horseback  the  clay  floor  is  commonly  raised  in  a  ridge 
suggesting  that  probably  there  was  some  movement  of  the  floor  clay  into 
the  crack  when  it  opened.     The  character  of  tiie  lower  clay  is  quite  dif- 


FiG.  25. — Sketch  of  the  contact  of  coal  and  "fault"  in  the  6th  west  off  main 
north  entry  of  the  M.  E.  Case  Coal  Company's  No.  1  (Walben)  mine 

ferent  from  that  filling  the  larger  part  of  the  Assure,  this  material  appar- 
ently coming  from  some  strata  above  the  coal.  These  rolls  in  the  floor 
clay  are  taken  up  by  the  miner,  for  which  extra  pay  is  given. 

The  operation  of  this  mine  is  limited  on  the  west  by  a  sandstone  "fault" 
which  cuts  out  the  coal  (fig.  22).  The  sandstone  apparently  occupies  a 
channel  vrhkh  penetrates  the  coal  bed.  The  rock  is  a  gray  micaceous 
sandstone  of  about  the  same  character  as  that  forming  the  roof  of  much 
of  the  mine.  At  some  places  the  coal  feathers  out  under  the  sandstone 
and  at  others  it  terminates  very  abruptly  against  Ihe  sandstone.  The 
nature  of  the  contact  at  one  place  along  the  "fault"  is  shown  by  the 
accompanying  sketch  (fig.  25). 

Character  of  the  roof:  The  immediate  roof  varies  from  the  usual 
succession  of  black  "slate,"  clod  and  cap-rock  to  merely  sandstone.  The 
sandstone  apparently  lies  irregularly  upon  the  underlying  strata,  in  places 
resting  directly  upon  the  coal  and  in  other  places  separated  trom  the  coal 
by  a  greater  or  less  thickness  of  the  typical  roof. 
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Character  of  the  floor:  The  underclay^  about  18  inches  thick,  is 
underlain  by  an  ''iron  band"  10  inches  thick.  The  clay  heaves  somewhat 
in  wet  places,  and  the  clay  tends  to  "roll''  up  in  the  floor  beneath  the 
horseback  fissures,  rising  nearly  12  inches  in  some  cases. 


LEITNEB  COAL  COMPANY'S  NO.  1  MINE>  NORTHEAST  OF  ORCHARD  MINES 

Entrance:     Drift  mine;  No.  5  coal. 

Thickness  of  coal:  Varies  from  about  4  feet  to  6  feet;  averages  4^ 
feet.  The  coal  thickens  markedly  near  its  contact  with  the  sandstone 
"fault"  (&g.  15) ;  elsewhere  it  is  practically  uniform  in  thickness. 

Sections  of  the  coal: 

Sections  of  No,  5  coal  in  the  Leitner  Coal  Co^npany^s  wine 

Section  1 — 6th  south  entry 

Thickness 
FU  in. 

Roof:     Black  slate 

Coal,  laminated,  and  with  thin  streaks  of  mother  coal 1  7^ 

Pyrite;  mixture  of  clay,  organic  matter  and  pyrite.    Called 

"brown  sulphur"  by  miners 3 

Coal,  like  top  coal   2  10% 

Pyrite  or  clay,  hard  % 

Coal   % 

Floor:     Fire  clay 

4  10 

Section  2 — 5th  south  entry. 

Thickness 
Ft  in. 

Roof:     Black  slate  with  coal  stringers '. 

Coal   11% 

Pyrite  and  clay 2 

Coal   1  % 

Pyrite  and  clay 2 

Coal   2  11 

Pyrite  streak  in  bottom 

Floor:     Fire  clay 

5  3 

Section  3 — Face  main  west  entry 

Thickness 
Ft,  in. 

Coal   1  4 

Pyrite  and  clay 2% 

Coal   2  6 

■A 

4  % 


Thickness 

Ft 

in. 

•    m 

1 

9      • 

1 

•     • 

1^ 

■     m 

11 V6 

•    • 

2 

2 

•     • 

•   • 

•    m 
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Section  k — Roomi  12,  hack  west  entry 


Roof:     "Slate"    

Coal    

Pyrite  band  

Coal    

Pyrite  and  clay 

Coal    

Floor :     Fire  clay 

4  4 

Character  of  the  coal:  The  bed  contains  a  fairly  continuous  band 
of  "brown  sulphur" .  about  18  inches  to  2  feet  from  the  top.  Not  un- 
commonly two  such  bands  are  present. 

The  horsebacks  in  this  mine  are  very  numerous.  The  mine  map  shows 
that  the  "fault"  is  encountered  on  the  west  side,  trending  about  northeast^ 
southwest  from  the  S.  W.  cor.  sec.  2,  HoUis  Township  (T.  7  N.,  R.  7  E.)  - 
The  same  or  another  body  of  sandstone  is  also  present  at  the  usual  horizon 
of  the  coal  in  section  11. 

Character  of  the  roof:  The  ordinary  roof  consisting  of  black  shale, 
clod;  and  cap-rock  is  present  except  where  the  sandstone  has  cut  down 
to  the  coal.  The  parting  between  the  coal  and  the  shale  roof  is  poor  and 
commonly  the  lower  4  to  6  inches  of  the  roof  comes  down  with  the  coal. 
It  is  rather  difficult  to  separate  the  shale  from  the  coal,  so  that  the  waste 
material  thrown  into  the  gob  contains  considerable  coal. 

MAPLETON  COAL  COMPANY'S  NO.   1   MINE,  AT  MAPLETON 

Entrance:     Slope;  No.  5  coal. 

Thickness  of  coal:     Uniform;  varies  between  about  4  feet  4  inches 
and  about  4  feet  10  inches;  averages  4  feet  6  inches. 
Section  of  the  coal: 

Section  hf  No.  5  coal  in  the  mine  of  the  Mapleton  Coal  Company 

Mea^sured  in  a  room  off  the  main  west  hack  entry 

Thickness 

Ft.  in. 

Coal  with  screak  of  pyrite  in  upper  inch 2  6 

Coal,  dirty   is 

Coal 1  2H 

Mother  coal   % 

Coal   1 


4  9 

Character  of  the  coal:  The  coal  is  very  uniform  and  clean.  About 
the  only  impurities  are  a  few  "horsebacks"  and  a  few  discontinuous  clay 
and  mother-coal  bands  -h  of  an  inch  thick  or  less.  Because  of  the  great 
regularity  of  the  coal,  no  special  description  of  the  seam  is  necessary. 

Character  of  the  roof:  The  roof  is  constant  in  character.  The  suc- 
cession consists  of  the  usual  black  "slate,"  clod,  and  cap-rock.  The  first 
is  12  to  14  inches  thick,  the  second  14  to  16  inches,  and  the  iast  2  to  6 
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inches,  lying  from  24  to  30  inches  above  the  coal.  Above  the  cap-rock  is 
gray  shale.  Although  in  places  the  cap-rock  is  rather  soft  and  shaly, 
generally  it  forms  a  solid  roof.  The  black  shale  or  "slate"  roof  carries  a 
few  niggerheads  lying  in  the  "slate"  and  coal. 

Character  of  the  floor:  The  floor  is  fire  clay;  it  heaves  some  where 
damp  and  rolls  up  under  horsebacks. 

EAST    MAPLETON    COAL   COMPANY'S   "EAST"    MINE,   AT    MAPLETON 

Entrance:     Drift;  No.  5  coal. 

Thickness  of  coal:  Varies  from  4  feet  6  inches  to  5  feet  8  inches; 
averages  5  feet. 

Character  of  coal:  The  coal  is  very  irregular  due  to  horsebacks  and 
persistent  pyrite  bands.  The  coal  runs  nearly  12  inches  thicker  than  in 
other  mines  and  the  irregularities  in  thickness  are  greater.  The  horse- 
backS)  commonly  2  to  3  feet  through,  are  present  almost  constantly  in  the 
face.  The  cracks  running  up  into  the  roof  cut  it  up  like  a  mosaic.  The 
floor  below  is  offset  along  lines  matching  the  cracks  in  the  roof,  giving  a 
relief  of  8  to  12  inches. 

The  sulphur  bands  consist  largely  of  the  "brown"  laminated  pyrite. 
An  almost  continuous  streak,  generally  1^-inch  thick  and  in  places  6  to  9 
inches  lies  about  24  inches  from  the  top.  These  impurities  and  irregu- 
larities make  mining  very  expensive,  as  it  is  probable  that  about  half  the 
material  taken  out  of  the  mine  is  rock  waste. 

The  sandstone  "fault"  of  the  region  is  reported  to  lie  a  short  distance 
north  of  the  present  workings  of  the  mine. 

NEWSAM  BROTHERS'  NO.  4  MINE,  AT  GLASFORD 

Entrance:     Shaft;  148  feet  to  the  top  of  No.  5  coal. 

Thickness  of  coal:  Practically  uniform;  varies  from  4  feet  4  inches 
to  4  feet  6  inches. 

Character  of  the  coal:  The  coal  lies  in  a  single  bench  with  few 
irregularities.  Horsebacks  though  present  are  not  especially  numerous. 
Some  pyrite  is  encountered  in  streaks,  balls,  and  lenses.  Pyrite  lenses 
averaging  about  1  inch  thick  by  6  to  7  inches  across  are  especially  common 
near  the  horsebacks.  They  begin  to  appear  6  to  8  feet  back  from  the 
fissure.  Some  of  the  horsebacks  have  a  large  per  cent  of  pyrite  in  them 
and  are  very  hard  to  mine. 

Character  of  the  roof:  The  roof  consists  of  6  to  14  inches  of  black 
''slate,"  6  to  8  inches  of  clod,  and  8  to  10  inches  of  limestone  cap-rock. 
The  parting  between  the  coal  and  black  shale  is  poor,  due  to  the  presence 
of  pyrite  balls  and  lenses  at  this  position.  The  pyrite  tends  to  bind  the 
coal  to  the  "slate"  so  that  either  the  upper  few  inches  of  coal  is  left  in 
the  roof  or  else  the  lower  part  of  the  shale  comes  down  with  the  coal.  In 
the  latter  case  the  shale  with  3  or  4  inches  of  attached  coal  is  usually 
thrown  into  the  gob. 

Character  of  the  floor:  Fire  clay,  which  is  reported  to  heave  when 
wet,  forms  the  floor. 

NO.  2  COAL 

The  coal  which  has  been  reopened  during  the  last  year  in  the  mine 
at  Pottstown,  and  the  coal  formerly  mined  by  the  Third  Vein  Coal 
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Company  at  Orchard  Mines,  and  which  is  encountered  in  several  drill 
holes  in  the  county  117  to  140  feet  below  No.  5  coal,  is  believed  to  be 
the  No.  2  bed. 

The  thickness  of  the  coal  averages  about  2j^  feet,  or  about  two- 
thirds  the  thickness  of  No.  S  in  this  region  and  about  1  foot  thinner 
than  No.  2  coal  in  the  La  Salle  and  Spring  Valley  region.  Here  as 
elsewhere  the  coal  is  apparently  regular  in  thickness,  and  uniform  in 
character  over  large  areas.  Impurities  that  could  seriously  affect  the 
value  of  the  coal  are  lacking.  The  brassy  nodules  of  pyrite  typical  of 
this  coal  are  present,  but  because  their  contact  with  the  coal  is  sharp 
and  clean,  they  can  be  readily  removed  at  the  face.  The  pyrite  im- 
pregnates the  surrounding  coal  little  if  any,  in  contrast  with  the  many 
pyrites  lenses  in  other  coals,  and  it  is  therefore  generally  unnecessary 
to  discard  much  coal  with  the  sulphur  balls. 

Roof  conditions  are  normal  for  No.  2  coal.  The  "soapstone"  or 
gray  shale  and  black  "slate"  found  in  succession  above  the  coal  in  the 
Longwall  District^  seems  to  be  very  widespread.  The  succession  in 
this  field  seems  to  be  the  same  as  that  in  the  northern  district.  The 
gray  shale  or  "soapstone"  is  9  to  12  feet  thick  on  the  average,  which  is 
a  few  feet  thinner  than  at  La  Salle,  and  the  black  "slate"  is  about  2 
feet  thick.  The  "slate"  carries  large  niggerheads  or  limestone 
concretions  as  in  other  regions.  Above  the  black  shale  is  a  limestone 
about  2  feet  in  thickness.  In  places  the  black  shale  comes  down  on  the 
coal  cutting  out  the  soapstone. 

This  coal  is  always  mined  by  the  longwall  system,  and  except  for 
the  fact  that  the  coal  is  thin,  conditions  are  favorable  for  mining. 
There  is  little  question  but  that  eventually  this  bed  will  be  extensively 
mined  in  this  region,  though  probably  not  until  the  best  areas  of  No.  5 
coal  are  exhausted. 

The  chemical  character  of  No.  2  coal  is  discussed  briefly  in  Part  I 
and  an  analysis  of  the  bed  is  included  in  Table  3. 

MINE  NOTES,  NO.  2  COAL 

The  following  notes  are  based  upon  observations  in  two  mines 
operating  in  No.  2  coal.  Of  these  the  Third  Vein  Coal  Company  has 
not  been  in  operation  for  several  years,  the  observations,  having  been 
made  in  1908. 

THIRD  VEIN   COAL  COMPANY'S  ABANDONED   MINE  IN  NW.    %    SEC.   14, 

T.  7  N.,  R    7  E. 

Entrance:     Shaft;  162  feet  to  the  top  of  No.  2  coal. 
Thickness  of  coal:     Varies  from  2^  to  3%   feet;   averages  about  2 
feet  11  inches. 


milnols    Coal    Mining    Investlgratlons    Bull.    10,    1915. 
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Section  of  the  coal:  The  coal  was  measured  southwest  of  the  shaft 
in  room  No.  5  off  the  first  straight  south  (?)  entry.  The  coal  was  82  inches 
thick,  with  gray  shale  roof  and  fire-clay  fioor. 

Character  of  the  coal:  The  coal  contained  one  sulphur  lens  which  in 
the  face  measured  1  by  6  inches.  Such  lenses  were  reported  to  be  rare 
and  to  occur  at  any  place  in  the  bed.    The  coal  is  described  as  ''long  grain." 

Character  of  the  roof:  The  shale  or  ''soapstone"  is  a  slabby  dark- 
gray  shale  with  small  lenses  of  light-gray,  sandy  shale  1  inch  thick.  The 
gray  shale  is  generally  8  to  12  feet  thick,  but  is  absent  in  places,  the 
black  "slate"  resting  on  the  coal.  The  "soapstone"  is  slabby,  dark  gray, 
and  contains  small  1-inch  thick  lenses  of  light-gray  sandy  shale.  The  black 
"slate"  above  is  thin,  shelly,  hard,  and  brittle,  with  half-inch  lumps  on  the 
bedding  planes,  and  is  reported  to  be  about  10  feet  thick.  It  contains 
niggerheads  commonly  as  large  as  12  by  6  by  24  inches. 

Character  of  the  fioor:  The  fioor  is  fire  clay  which  is  at  least  6  feet 
thick.    At  one  place  it  has  been  drilled  into  to  a  depth  of  12  feet. 

JOHN  A.  HOFFMAN'S  "BLUE  FLY"    (WANTUNG)    MINE,  AT  POTTSTOWN 

Entrance:     Shaft;  107  feet  to  the  top  of  No.  2  coal. 
Thickness  of  coal:     Varies  from  2  feet  4  inches  to  2  feet  8  inches; 
averages  2^  feet. 

Sections  of  the  coal: 

SECTIONS  OF  NO.  2  COAL  IN  THE  "BLUE  FLY"  MINE,  AT  POTTSTOWN 

Section  1  Thickness 

Ft,  in. 

Roof:     Gray  shale  or  "soapstone"  containing  small  lime  and 

pyrite  concretions,  9  feet  or  more 

Coal,  clean 1  9A 

Pyrite  streak  A 

Coal   3 

Clay  band % 

Coal 4 

Floor:     Fire  clay 

^"2  T" 

Section  2 — 50  feet  south  of  shaft 

Thickness 
Ft.  in. 

Roof:     Gray  shale 

Coal,  containing  one  sulphur  ball  4  inches  thick 2  6 

Floor:     Fire  clay 


Section  S — End  of  southwest  entry 


Thickness 
Ft,  in. 


Roof:     Gray  shale 

Coal    

Floor:    Fire  clay  . , 
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Character  of  the  coal:  The  seam  is  practically  uniform  throughout 
the  mine.  The  few  partings  are  not  persistenti  but  sulphur  lenses  and 
balls  occur  at  various  positions.  Many  seem  to  be  pyritized  parts  of  plants. 
These  average  in  size  about  ^  by  8  to  10  inches;  some  are  as  large  aS 
4  by  12  to  14  inches.  The  amount  of  pyrite  present  is  estimated  to  be 
between  1  and  2  per  cent  by  weight  of  the  coal. 

The  coal  is  rather  hard  and  bright.  Some  cleat  is  developed,  the 
fracture  being  north  and  south,  and  at  right  angles.  Vertical  sheets  of  py* 
rite  are  present  but  are  not  persistent  in  some  of  the  joint  cracks. 

Character  of  the  roof:  The  roof  rock  is  typical  ''soapstone''  about  9 
feet  thick.  Above  this  is  2  feet  of  black  ''slate''  which  is  capped  in  turn 
by  a  2-foot  limestone. 

Character  of  the  floor:  The  floor  clay  is  a  gray,  even-textured  clay 
which  is  reported  to  be  3  to  4  feet  thick.  Its  character  is  not  well  known. 
It  probably  will  heave  if  wet. 

NO.   1   COAL 

No.  1  coal  has  been  worked  in  the  mine  at  Pottstown  at  a  depth  of 
240  feet,  133  feet  below  No.  2  coal.  Udden^  states  that  the  lower  bed 
consists  of  a  lower  bench  varying  in  thicknes  from  2  feet  2  inches  to 
3  feet,  a  parting  of  shale  less  than  3  feet  thick,  and  an  upper  bench, 
1  foot  2  inches  to  1  foot  4  inches  thick.  Where  the  parting  between 
the  two  benches  was  not  too  heavy,  both  were  mined.  The  coal  is  of 
fairly  good  quality,  but  the  mining  was  too  expensive  for  the  market 
at  the  time,  and  operations  ceased  more  than  ten  years  ago. 

In  general  it  is  believed  that  this  seam  of  coal  is  probably  too  thin 
to  be  of  commercial  importance  for  many  years.  It  is  possible,  how- 
ever, that  there  is  beneath  it  a  clay  of  commercial  value,  which  if  mined 
with  the  coal  could  be  profitably  extracted.  Unfortunately,  informa- 
tion in  regard  to  the  quality  of  the  clay  is  not  definite.  Clays  of  com- 
mercial importance,  however,  are  known  to  underlie  the  horizon  of 
No.  1  coal  in  other  parts  of  the  State,  especially  in  the  counties  west 
and  south  of  Peoria  County,  so  that  exploration  might  be  rewarded  by 
discovery  of  similar  clays  in  this  county. 


lU.  S.  Geological  Survey  Bull.  506,  p.  80. 


SANGAMON  COUNTY 
Production  and  Mines 

Production  in  tons  from  No.  5  and  No.  6  coals,  year  ending 

June  30,  1920   6,844,049 

Production  in  tons  from  No.  5  coal,  year  ending  June  30, 

1920     4,485,434 

Average  production  from  No.  5  and  No.  6  coals,  1916-1920, 

inclusive    6,696,458 

Average  production  from  No.  5  coal,  1916-1920,  inclusive  4,564,363 
Total  production,  from  No.  5  and  No.  6  coals,  1881-1920.  .129,054,297 
Total  production  from  No.  5  coal,  1881-1920 85,000,000± 

The  total  production  of  coal  from  Sangamon  County  for  the  year 
ending  June  30,  1920,  was  a  little  more  than  9  per  cent  of  the  State's 
entire  output.  The  production  of  No.  5  coal  in  the  county  was  about 
two-thirds  of  the  combined  production  from  No.  5 'and  No.  6  coal. 
Six  shipping  mines  in  the  southern  part  of  the  county  report  a  pro- 
duction of  2,358,615  tons  of  No.  6  coal ;  and  22  shipping  and  4  wagon 
mines  in  the  northern  part  of  the  county  produced  4,485,434  tons  of 
No.  5  coal.  Sangamon  County  as  a  whole  ranked  fourth  among  the 
counties  of  the  State.  The  shipping  mines  in  operation  in  1920  are 
listed  in  Table  6. 

Coal  Bearing  Rocks 

Information  concerning  the  geological  succession  of  the  northern 
part  of  Sangamon,  where  No.  5  is  the  important  coal  mined,  is  con- 
tained in  a  report  on  the  Springfield  quadrangle  by  T.  E.  Savage^,  and 
in  an  earher  report  on  the  geology  and  mineral  resources  of  the  Tallula 
and  Springfield  quadrangles  by  E.  W.  Shaw  and  T.  E.  Savage.^ 

These  two  publications  will  be  largely  drawn  upon  in  describing  the 
coal-bearing  rocks  and  the  character  of  the  coals. 

The  record  of  a  deep  hole  is  included  in  Part  I  and  used  in  Plate  II. 

The  following  extract  from  State  Geological  Survey  Bulletin  20 
describes  particularly  the  rocks  underlying  the  Springfield  quadrangle 
but  applies  generally  to  all  that  part  of  the  county  covered  by  this  re- 
port. 


iSavai^e,  T.  E..  The  Geology  and  mineral  resources  of  the  Springfield 
<)uadrangle:    Illinois  State  Geological  Survey  Bull.  20  pp.  97-130,  1915. 

2Shaw.  E.  W..  and  Savage.  T.  E..  U.  S.  Geological  Survey  Geol.  Atlas: 
TuHula-Springfleld  folio    (No.   188)    1913. 


203 


204  COAL  RESOURCES  OF  DISTRICT  IV 

KINDS  OF  ROCK  IN  THE  AREA 

"The  rocks  of  the  Springfield  quadrangle  consist  of:  (1)  sur- 
ficial  materials,  composed  of  unconsolidated  beds  of  glacial  till  or  drift, 
loess,  sand,  and  alluvium  which  have  been  derived  from  the  breaking 
down  of  pre-existing  rocks;  and  (2)  sedimentary  rocks,  which  under- 
lie the  surficial  materials  and  consist  of  more  or  less  consolidated  beds 
of  sandstone,  shale,  limestone,  and  seams  of  coal,  arranged  in  nearly 
horizontal  layers. 

SURFICIAL  MATERIALS 

"The  surficial  materials  in  this  area  comprise  glacial,  aeolian,  and 
fluvial  deposits,  which  cover  the  sedimentary  rocks  to  an  average  depth 
of  about  35  feet.  They  are  thinnest  over  the  areas  that  formed  the  high- 
lands in  the  pre  glacial  time  and  are  thickest  above  the  valleys  of  the 
early  Pleistocene  streams.  Sangamon  River  follows  such  an  old  valley 
along  its  north^t^ard  course  near  the  west  side  of  the  quadrangle.  Over 
this  valley  a  well  in  the  NW.  i/i  sec.  23,  T.  18  N.,  R.  6  W.  was  put 
down  170  feet  without  reaching  the  bottom  of  the  surficial  materials. 
The  altitude  of  the  bottom  of  this  drilling  was  125  feet  lower  than  the 
surface  of  the  consolidated  rocks  two  miles  farther  east. 

INDURATED  ROCKS 
GENERAL  DESCRIPTION 

"The  hard  rocks  of  this  region  have  been  studied  in  natural  expos- 
ures through  a  thickness  of  225  feet.  By  means  of  test  borings  for 
coal  and  oil  they  have  been  explored  to  a  depth  of  1,500  feet.  Columnar 
sections  of  the  logs  of  representative  coal  shafts  and  test  borings  are 
given  in  Plate  VII.  These  show  in  detail  the  character  and  sequence 
of  the  strata  that  underlie  the  surface  materials  as  far  as  they  have 
been  explored  in  this  region.  All  the  information  concerning  the  rocks 
underlying  the  Pennsylvanian  strata  in  this  area  is  obtained  from  a 
drilling  near  Springfield,  a  log  of  which  is  shown  in  section  1,  Plate 
VII.  The  succession  and  geological  position  of  these  rocks  are  also 
shown  in  the  following  generalized  section. 
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Generalized  section  of  hard  rocks  known  in  the  Springfield 

quadrangle 

Thickness 
Pennsylvania]!  system —  Feet 

McLeansboro  formation — including  all  of  the  Pennsylvanian 
strata  above  the  top  of  No.  6  coal,  and  composed  of  shales, 

sandstones,  some  impure  limestones,  and  thin  coals 46-225 

Carbondale  formation — embracing  all  of  the  strata  between 
the  base  of  No.  2  coal  and  the  top  of  No.  6  coal;  and  con- 
sisting of  shales,  sandstones,  limestone,  and  productive  coal 

beds;   about    243 

Pottsville  formation — comprising  the  strata  between  the  bot- 
tom of  the  Pennsylvanian  and  the  base  of  No.  2  coal,  and 
composed  mostly  of  sandstones  in  the  lower  and  shales  in 
the  upper  part>  with  interbedded  thin  coals;  about 278 

Mississippian  system — 

Salem  and  St.  Louis  formations — predominantly  limestones 

with  some  shales;  about 215    i 

Keokuk  and  Warsaw  formations — dominantly  shales  with  some 

limestones;    about    164 

Burlington  formation — cherty  limestones  and  chert;  about. . . .  106 
Kinderhook   formation — greenish   to   bluish-gray   shale,   lime- 
stone and  red  shaly  limestone;  about 155 

Devonian  system — 

Upper  Devonian  series — dark  shale  with  spores  of  Sporangites 

abundant;  about  133 

Middle   Devonian    series    (Hamilton    of   Iowa   or    Northwest 

province) — gray  limestone;  to  bottom  of  boring 28+ 

POTTSVILLE   FORMATION 

"Pottsville  strata  comprising  the  base  of  the  Pennsylvanian  sys- 
tem have  been  explored  in  three  deep  borings.  They  consist  of  coarse, 
giray  sandstone  and  some  conglomerate  in  the  lower  part,  and  shales  or 
sandy  shales  predominating  in  the  middle  and  upper  portions.  A  thin 
coal  bed  lies  140  feet  from  the  base  and  a  somewhat  thicker  coal  about 
100  feet  above  the  former  and  33  feet  below  the  bottom  of  No.  2  coal. 

CARBONDALE    FORMATION 

"It  has  seemed  desirable  by  the  Survey  to  use  the  name  Carbondale 
as  a  substitute  for,  and  to  make  it  embrace  all  the  strata  that  were 
included  in,  both  the  Petersburg  and  the  La  Salle  formations  as  de- 
scribed in  a  previous  report.^  This  is  the  important  coal-bearing  for- 
mation in  the  State.  Its  basal  member,  No.  2  coal,  consists  usually  of 
two  thin  beds  separated  by  about  4  feet  of  dark  shale.    Above  this  coal 


iDeWolf,    p.    W.,    Introduction    to    studies    of    Illinois    coal:    Illinois    State 
Geologrlcal  Survey  Bulletin  16,  p.  180,  1910. 
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is  a  shale  which  is  followed  by  sandstone,  and  that  succeeded  by  dark- 
colored  shale  up  to  an  18-inch  coal  bed,  about  80  feet  above  coal  No. 
2.  Between  this  coal  and  the  next  higher  coal  bed  is  an  interval  of 
about  55  feet,  occupied  almost  exclusively  by  dark  shale.  Above  this 
coal  gray  or  blue  to  black  shales  extend  to  coal  No.  5  which  lies  about 
54  feet  above  the  next  lower  coal. 

"No.  5  (Springfield)  coal  is  the  important  coal  seam  in  this  region 
and  has  an  average  thickness  of  about  6  feet.     It  contains  numerous 


Fio.  26. — Pho'ograph  of  a  fihale  bed  a  short  distnnce  above  No.  7  coal,  ex- 
posed in  the  south  bank  of  Spring  Creek,  NE.  V*  sec.  25,  T.  16  N.,  R.  6  W. 


characteristic  clay  seams  or  'horsebacks'  which  extend  down  into  it, 
or  through  it,  in  a  more  or  less  vertical  direction.  The  roof  of  this 
coal  consists  of  3  to  5  feet  of  black,  laminated,  fissile  shale  bearing 
numerous  shells  of  Orbtculoidea  missouriensis  and  other  fossils,  and 
containing  in  the  lower  part  numerous  rounded  nodules  ('nigger- 
heads')  of  calcareous  pyritic  shale.  A  limestone  cap  rock,  generally 
about  12  inches  thick,  overlies  the  black  shale,  and  is  followed  by  1  to 

4  feet  of  light-colored  shale.    No,  6  coal  lies  about  50  feet  above  No, 

5  coal  and,  with  the  exception  of  No.  5  cap  rock,  the  strata  lying  be- 
tween these  coals  are  mostly  shale. 
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"Within  the  quadrangle  No.  6  coal  is  only  2  to  14  inches  thick,  but 
it  becomes  thicker  and  has  been  mined  at  Mechanicsburg  to  the  east 
and  at  Chatham  to  the  south,  only  a  short  distance  from  the  borders 
of  this  area. 

MCLEAN SBORO    FORMATION 

"The  roof  shale  of  No.  6  coal,  the  basal  member  of  the  McLeans- 
boro  formation,  is  3  to  5  feet  thick.  It  is  followed  by  about  6  feet  of 
limestone  which  contains  Fusulina  ventricosa  as  the  characteristic  fos- 
sil. A  thin  coal  (No.  7)  3  to  4  inches  thick,  occurs  about  45  feet  above 
the  No,  6  bed.  Between  these  coals  are  several  feet  of  red,  mottled 
shales  which  are  exposed  at  Ralls  Ford  on  Sangamon  River,  and  con- 


Fic.  27. — View  of  Bandetcne  below  Mo.  B  coel,  exposed  in  the  north  bank  of 
Sangamon  River  at  Carpenter's  brid^,  NW.  %  sec.  1,  T.  16  N.,  R.  6  W. 

stitute  a  very  characteristic  and  easily  recognized  horizon  throughout 
this  region.  The  shale  may,  for  convenience,  be  called  the  Ralls  Ford 
shale  member.  Above  No.  7  coal  there  follows  a  bed  of  bluish-gray 
shale  with  occasional  sandy  layers  about  45  feet  thick,  exposed  in  the 
south  bank  of  Spring  Creek  in  the  NE.^  sec.  25,  T.  16  N.,  R.  6  W., 
and  shown  in  figure  26. 

"Over  a  very  limited  area  near  the  extreme  northwest  corner  of 
the  quadrangle  there  outcrops  along  Indian  Creek  about  6  feet  of  hard, 
gray,  partly  brecciated  limestone  which  is  better  exposed  in  the  banks 
of  Rock  Creek  a  few  miles  west  of  Athens.  This  limestone  is  thought 
to  correspond  with  the  Lonsdale  quarry  limestone  in  the  Peoria  quad- 
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rangle.  Over  the  greater  portion  of  the  Springfield  area  this  limestone 
is  wanting,  but  its  place  appears  to  be  at  the  top  of  the  shale  bed  above 
No.  7  coal. 

"Above  this  shale  are  30  or.more  feet  of  sandstone  exposed  in  the 
north  bank  of  Sangamon  River  at  Carpenter's  bridge,  NW.  Y^  sec.  1,  T. 
16  N.,  R.  5  W.  (see  figure  27).  A  few  feet  of  shale  separates  this 
sandstone  from  No.  8  coal  and  associated  beds. 

"No.  8  coal,  the  underclay  below,  and  the  roof  shale  and  cap  rock 
above,  comprise  a  succession  of  strata  that  are  easily  recognized  in  the 
logs  of  mine  shafts  and  test  borings  in  the  central  and  eastern  portions 
of  the  area.  They  outcrop  in  the  west  bank  of  Sugar  Creek,  sec.  13,  T. 
15  N.,  R  5  W. ;  in  the  south  bank  of  the  Sangamon  River,  sec.  6,  T.  16 
N.,  R.  4  W. ;  and  in  the  east  bank  of  Fancy  Creek,  sec.  13,  T.  N.,  R.  4 
W. 

"Above  the  limestone  overlying  No.  8  coal  is  40  or  50  feet  of  shale 
exposed  in  the  shale  pit  of  the  Springfield  Paving  Brick  Co.  near 
Springfield.  This  is  followed  by  about  35  feet  of  sandstone  which 
outcrops  along  Sangamon  River  near  the  middle  of  sec.  4,  T.  15  N.. 
R.  4  W.,  and  in  the  south  half  of  sec.  27,  T.  16  N.,  R.  4  W. 

"Belonging  a  few  feet  above  this  sandstone  is  the  Crow's  Mill  lime- 
stone, exposed  in  the  old  quarry  near  Crow's  Mill  along  Sugar  Creek 
about  3  miles  south  of  the  quadrangle.  This  is  a  hard  limestone,  bear- 
ing large  shells  of  Productus,  Spirifer,  and  Composita.  It  occurs  in 
heavy  layers,  large  masses  of  which,  more  or  less  shifted  by  the  ice 
sheets  of  the  glacial  period,  are  present  in  the  area  under  discussion."  * 

Structure 

The  structure  of  that  part  of  Sangamon  County  which  is  included 
within  the  Tallula  and  Springfield  quadrangles  has  been  determined 
with  as  great  detail  as  possible  and  the  lay  of  the  rocks  as  determined 
by  the  altitude  of  No.  5  coal  is  shown  by  maps  in  the  U.  S.  Geological 
Folio  188.2 

The  structure  map  of  the  county,  Plate  VIII,  is  relatively  detailed 
for  the  area  included  within  the  Tallula  and  Springfield  quadrangles; 
but  the  structure  for  the  part  of  the  county  east  of  the  quadrangles 
is  based  on  very  scattered  data  and  estimated  elevations,  and  accord- 
ingly is  shown  by  dashed  contour  lines. 

The  following  statement  from  the  Tallula-Springfield  folio  sum- 
marizes the  structure  in  that  area.  The  description  includes  the  ad- 
jacent southeast  portion  of  Menard  County. 


iSavage,  T.  E.,  The  geology  and  mineral  resources  of  the  Springfield 
quadrangle:    Illinois    State   Geological    Survey   Bull.    20,    pp.    102-107.    1915. 

2Shaw,  E.  W.,  and  Savage.  T.  E.,  Geological  Survey  Geol.  Atlas:  Tallula- 
Springfleld  Folio    (No.   188).   1913. 
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K.  W.,   and  Savago,  T.   E.,   Geological  Survey  Geol.  Atlas:  Tallula- 
Follo    (No.   188).   1913. 
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STRUCTURE  OF  THE  TALLULA  AND  SPRINGFIELD  QUADRANGLES 

"As  a  rule  the  strata  of  the  Tallula  and  Springfield  quadrangles 
dip  somewhat  south  of  east  at  the  rate  of  about  10  feet  to  the  mile, 
but  this  general  dip  is  modified  by  low  folds  and  minor  irregularities, 
most  of  which  are  too-ill  defined  to  be  described  separately  but  which 
are  shown  on  the  maps  by  contours  drawn  at  intervals  of  25  feet  on 
the  base  of  the  Springfield  coal.  These  irregularities  are  the  product 
of  irregularities  in  the  surface  upon  which  each  layer  was  deposited 
and  of  differential  settling  and  warping  since  deposition.  The  prev- 
alent eastward  dip  is,  in  part  at  least,  the  result  of  deformation.  It 
carries  the  base  of  the  Carbondale  formation  from  a  position  about 
200  feet  below  the  surface  at  the  western  side  of  the  area  to  one  nearly 
600  feet  below  the  surface  on  the  eastern  side.  This  general  dip  is 
modified  by  a  syncline  just  east  of  Tallula,  by  an  anticline  extending 
southwestward  from  Springfield,  and  by  many  minor  irregularities. 
The  syncline  east  of  Tallula  is  steeper  on  its  west  side,  as  might  be  ex- 
pected on  account  of  the  prevailing  eastward  dip.  In  the  mine  of  the 
Tallula  Coal  Co.  the  dip  is  so  steep  that  the  mine  cars  on  an  eastward 
trip  must  be  'spragged'  or  otherwise  held  in  check.  However,  even 
where  steepest,  the  dip  dos  not  exceed  60  feet  to  the  mile.  In  the 
northeastern  part  of  the  area  the  predominant  dip  is  eastward  and  is 
about  10  feet  to  the  mile.  In  the  southern  part  the  general  dip  is  south- 
eastward but  is  modified  by  a  syncline  and  anticline  which  enter  the 
area  near  the  middle  of  the  southern  side.  The  anticline  extends  north- 
eastward as  far  as  Springfield,  whence  it  curves  to  the  southeast,  passing 
near  the  village  of  Keys.  West  of  Springfield  the  strata  in  the  flanks 
of  the  arch  dip  15  feet  to  the  mile,  but  east  of  Springfield  they  he 
progressively  flatter  on  both  sides  of  the  axis,  for  the  anticline  plunges 
southeastward  in  conformity  to  the  general  dip. 

"In  some  areas  the  Springfield  coal  is  almost  level  throughout 
several  square  miles;  in  others  it  dips  more  than  20  feet  to  the  mile. 
In  some  places  its  dip  differs  from  the  general  slope  or  is  even  oppo- 
site to  it.  In  most  of  the  mines,  however,  it  has  almost  no  percepti^^^ 
dip,  and  throughout  a  considerable  area  between  Pleasant  Plains  and 
Salisbury  the  coal  bed  and  the  other  strata  seem  to  lie  practically  hor- 
izontal. In  the  southeast  quarter  of  the  Tallula  quadrangle  the  beds 
so  far  as  is  known  dip  regularly  southeastward  at  the  rate  of  about  15 
I  feet  to  the  mile,  but  in  that  district  few  borings  have  reached  the  coal 

I  and  some  of  the  structural  features  may  have  not  yet  been  brought  to 

^  light.     Indeed,  throughout  a  considerable  part  of  this  quadrangle  no 

borings  have  reached  recognizable  strata,  and  the  structure  map  there- 
fore lacks  many  details  which  can  be  shown  when  the  coal  has  been 
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worked  more  extensively,  but  the  mine  shafts  and  borings  already  sunk 
are  rather  uniformly  distributed,  so  that  the  major  structural  features 
as  shown  are  believed  to  be  approximately  correct."  ^ 

Coals 
coals  below  no.  5 

"A  fairly  persistent  coal  bed  about  2^  feet  thick  lies  about  58  feet 
below  No.  5  coal.  Another  bed,  which  seems  persistent,  occurs  about 
120  feet  below  No.  5  coal,  and  averages  about  2  feet  in  thickness.  Two 
other  coal,  beds  which  are  locally  present,  aggregating  about  3  feet 
in  thickness  and  separated  by  a  few  feet  of  shale,  lie  at  a  depth  of 
about  191  feet  below  No.  5  coal.  .In  the  Riverton  section  a  32-inch 
coal  was  reported  250. feet  below  the  No.  5  bed,  but  in  the  Springfield 
boring  the  corresponding  coal  is  much  thinner.  A  few  other  thin  bands 
occur  locally  in  the  Pennsylvanian  strata  below  No.  5  coal.  At  some 
future  time  one  or  more  of  these  lower  coals  may  be  of  economic 
importance,  but  until  the  No.  5  bed  becomes  practically  exhausted,  the 
deeper  and  thinner  coals  will  not  be  exploited. 

No.  5  Coal 

CHARACTERISTICS  OP  NO.   5  COAL 

"The  coal  known  as  No.  5  (Springfield)  is  the  only  bed  at  present 
worked  in  the  quadrangle.  Its  thickness  varies  but  little  in  the  differ- 
ent mines,  the  range  within  the  area  being  from  5j4  to  6%  feet.  It  lies 
entirely  below  drainage,  being  found  at  depths  from  150  to  273  feet 
below  the  surface.  The  depth  to  the  coal  at  any  one  place  depends  both 
upon  the  altitude  of  the  surface  and  the  altitude  of  the  coal  at  that 
place.  No.  5  coal  is  remarkably  uniform  and  persistent,  being  found 
at  every  place  where  borings  have  been  put  down  to  its  level,  and  it  is 
also  present  in  the  State  over  an  extensive  territory  to  the  west  and 
south  of  the  area. 

CLAY  SFAMS  IN  NO.  5  COAL 

"One  of  the  conspicuous  features  of  No.  5  (Springfield)  coal  is 
the  occurrence  in  it  of  numerous  "horsebacks,"  as  they  are  called  by 
the  miners.  These  are  more  or  less  irregular  and  branching  fissures 
filled  with  clay  or  shale,  extending  downward  from  the  overlying  beds 
into  or  through  the  coal.  They  range  in  width  from  2  of  3  inches  to 
3  or  4  fpet,  the  walls  not  being  very  nearly  parallel,  and  are  considera- 
bly and  abruptly  wider  in  the  coal  than  in  the  overlying  roof  shale. 
(See  fig.  28.) 

lOp.   cit. 
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"The  clay  or  shale  filling  the  fissures  is  light  gray  and  generally 
soft.  Rarely  it  is  hard  enough  to  emit  aparks  when  struck  with  a  ham- 
mer, but  as  a  rule  it  soon  slakes  down  into  an  incoherent  mass  on  ex- 
posure to  the  air.  The  clay  in  many  fissures  contains  fragments  of 
black  shale  derived  from  the  roof  of  the  coal,  reaching  down  29  inches 
below  the  top  of  the  coal.  A  few  fragments  of  limestone  from  the  cap 
rock  are  also  found  in  this  clay  below  the  top  of  the  coal  bed.  In  horse- 
backs that  cut  through  the  coal  bed  pieces  of  coal  have  been  found  as 
much  as  9  inches  below  the  bottom  of  the  bed.  No  fragments  of  coal 
have  been  found  higher  than  the  top  of  the  coal  bed. 

"The  fissures  show  no  regularity  of  spacing  or  of  direction.  In. 
some  mines  they  are  40  to  60  feet  apart ;  in  others  they  are  separated 


r  5:1^  ^--  i  •'', 


Springfield 
{No.5)co«l 


Fig.  28. — Sketch  of  typical  clay  seam  or  "horseback"  seen  in  the  ijpringileTs 
Coal  Mining  Company's  No.  5  mine,  near  Springfield. 

by  200  to  400  feet  or  more.  They  trend  in  various  directions,  no  one 
direction  predominating,  even  in  the  same  mine.  All  are  either  vertical 
or  steeply  inclined,  with  irregular  walls  which  gradually  converge 
downward  within  the  coal.  They  have  a  very  slight  vertical  range.  In 
the  Mechanisburg  mine  a  coal  bed,  formerly  worked,  lies  about  35  feet 
above  No.  5  coal,  which  is  the  coal  now  mined.  Although  No.  5  coal  is 
cut  by  numerous  horsebacks,  none  were  encountered  in  the  higher  bed. 
"The  walls  of  the  fissures  are  slickensided  but  show  no  traces  of 
weathering.  Slickensided  planes  are  also  common  in  the  clay  filling 
the  fissures.  If  the  fissure  is  inclined,  the  uppermost  laminae  of  the 
coal  adjacent  to  the  fissure  on  the  overhanging  side  are  bent  somewhat 
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Steeply  downward,  the  distortion  fading  out  laterally  within  a  few  feet 
from  the  fissure,  and  in  a  few  places  the  lowermost  laminae  of  the  coal 
on  the  other  side  of  the  fissure  are  bent  upward,  but  to  a  much  less 
degree.  If  the  fissure  is  vertical,  or  nearly  vertical,  the  uppermost 
laminae  of  the  coal  are  bent  downward  on  both  sides  of  the  fissure,  but 
the  more  nearly  vertical  the  fissure  the  less  the  amount  of  bending.  In 
no  fissure  is  there  a  true  fault  or  a  relative  displacement  of  the  middle 
part  of  the  coal  bed  on  the  opposite  sides  of  the  fissure. 

"The  material  filling  the  fissures  appears  to  have  been  derived 
chiefly  from  the  gray  shale  overlying  the  cap  rock  of  the  coal  bed  and 
to  have  been  forced  downward  into  tlie  coal  through  breaks  in  the  cap 
rock,  as  is  indicated  by  the  downward  bending  of  the  edges  of  the  cap 
rock  and  of  the  coal  laminae,  by  the  occurrence  of  the  fragments  of  the 
cap  rock  below  the  top  of  the  coal,  and  by  the  continuity  of  the  ma- 
terial of  the  fissures  with  that  of  the  bed  of  gray  shale. 

"The  coal  appears  to  have  yielded  readily  in  a  lateral  direction,  as 
shown  by  the  greater  width  of  the  fissures  in  the  coal  bed  than  in  the 
overlying  and  underlying  strata.  That  the  coal  afforded  accommodation 
to  the  strains  causing  the  fissures  is  also  indicated  by  the  fact  that  many 
of  the  smaller  fissures  divide  within  the  coal  bed  into  branches  which 
eventually  die  out  in  the  coal. 

"O  •  igin  of  Clay  Seams, — The  formation  of  the  clay-filled  fissures 
in  the  Springfield  coal  was  probably  determined  in  part  by  the  char- 
acter of  the  overlying  strata  and  in  part,  possibly,  by  the  character  of 
the  underclay,  which  is  dry  and  does  not  creep  readily.  The  fissures 
were  formed  after  the  coal  bed  had  been  compressed  nearly  to  its 
present  volume,  as  is  shown  by  the  fact  that  the  clay  seams  are  not  so 
deformed  as  they  would  be  if  the  coal  had  been  greatly  compressea 
after  they  were  developed.  In  some  places  clay  from  the  fissures  has 
penetrated  joints  in  the  adjacent  coal,  indicating  that  joints  had  been 
developed  in  the  coal  prior  to  the  formation  of  the  clay  seams.  Camp- 
bell^ suggests  that  the  carbonization  of  the  coal  beyond  the  lignitic 
condition  depends  on  the  presence  of  joints  and  cleavage  planes  along 
which  gases  may  escape.  If  so,  the  bed  should  have  undergone  con- 
siderable compression  and  contraction  after  the  joints  were  formed 
before  it  became  bituminous. 

"It  is  assumed  that  as  the  mass  was  slowly  transformed  into  coal 
the  contraction  in  its  different  parts  was  somewhat  unequal,  owing  to 
its  lack  of  homogeneity,  and  that  the  contraction  continued  long  after 
the  coal  had  been  greatly  consolidated.  As  long  as  the  material  pos- 
sesses some  degree  of  mobility  the  unequal  shrinkage  in  the  different 

iCampbell,  M.  R.,  Econ.  Geologry,  Vol.  I,  No.  1,  p.  30,  1905. 
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parts  of  the  bed  was  equalized  by  the  movement  of  some  of  the 
mass  toward  points  of  least  resistance.  When  the  consolidation 
reached  a  certain  stage  such  adjustment  was  no  longer  possible,  so 
that  continued  unequal  shrinkage  of  the  mass  produced  unequal  strains 
in  the  roof  of  the  coal  under  its  load  of  superposed  rocks.  Where  the 
roof  of  the  coal  bed  was  a  somewhat  plastic  shale  the  mobility  of  the 
particles  of  the  shale  permitted  an  adjustment  of  the  inequalities  of 
strain,  resulting  from  the  unequal  contraction  of  the  coal  bed,  the  ad- 
justment being  accomplished  by  the  formation  of  rock  rolls  such  as  are 
common  at  the  top  of  the  No.  6  (Herrin)  coal  in  the  Carterville- 
Zeigler  region  of  southern  Illinois.  The  roof  shale  in  the  vicinity  of 
the  rolls  is  cut  by  slickensided  zones  for  several  feet  from  the  center 
of  the  roll,  indicating  a  considerable  lateral  movement  in  the  shale 
during  the  adjustment  necessitated  by  the  strains.  The  roof  of  the 
Springfield  coal,  however,  is  a  hard,  brittle  shale  without  the  mobility 
requisite  for  such  adjustment.  If  the  limestone  cap  rock  had  been 
very  thick  it  might  have  withstood,  without  fracture,  the  strain  due 
to  unequal  contraction  in  the  underlying  coal,  but  its  average  thickness 
is  only  12  or  14  inches.  The  roof  shale  and  the  cap  rock  were  together 
not  strong  enough  to  withstand  the  unequal  strains  to  which  they  were 
subjected  and  broke  under  the  pressure,  at  places  marked  by  fissures. 
"Immediately  above  the  cap  rock  is  a  bed  of  rather  soft  gray 
shale,  the  material  of  which  was  squeezed  downward  through  the 
fissures  into  the  coal  until  the  inequalities  of  pressure  were  adjusted. 
The  adjustment  was  limited  to  a  narrow  zone  below  the  fractures  in 
the  roof  shale  and  cap  rock,  and  its  effects  are  of  slight  horizontal 
extent  but  penetrate  to  considerable  depths. 

CONCRETIONS   ABOVE  NO.    5    COAL 

"Rounded  concretions  of  calcareous,  pyritic  shale,  called  pyrite 
balls  or  'niggerheads'  and  varying  in  size  from  one  inch  to  four 
feet  or  more  in  diameter,  are  in  places  numerous  along  the  contact 
zone  of  the  black  shale  with  the  top  of  the  coal.  These  concretions 
have  been  compressed  less  than  either  the  overlying  black  shale  or  the 
underlying  coal,  and  hence  the  laminae  of  the  black  shale  arch  upward 
over  the  'niggerheads,'  and  those  of  the  upper  part  of  the  coal  bend 
downward  beneath  them.  The  continued  contraction  of  the  coal  seam, 
after  the  partial  consolidation  of  the  coal  and  of  the  overlying  black 
shale,  permitted  a  sufficient  amount  of  movement  to  take  place  around 
and  above  the  'niggerheads'  to  give  their  surface  a  slickensided  ap- 
pearance, and  to  cause  them  to  fall  readily  from  their  matrix  after  the 
underlying  coal  has  been  removed. 
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NO.  6  COAL 

"No.  6  (Belleville  or  Herrin)  coal  is  known  only  from  the  records 
of  mine  shafts  and  test  borings,  and  as  far  as  known  is  too  thin  to 
be  profitably  worked  within  this  area.  This  bed  was  formerly  mined 
at  Mechanicsburg  some  distance  east  of  Springfield  and  it  is  mined 
extensively  20  miles  south.  The  coal  where  first  penetrated  by  the 
Mechanicsburg  shaft  was  about  6  feet  in  thickness,  but  it  thinned 
rapidly  northward,  and  was  abandoned  when  No.  5  coal  was  dis- 
covered below  it.  In  two  of  the  shaft  sections  it  was  reported  absent,, 
but  in  these  the  horizon  was  marked  by  a  black  shale  underlain  by  fire 
clay.  This  coal  lies  at  an  average  distance  of  49  feet  above  No.  5 
coal,  the  distance  increasing  in  general  toward  the  north. 

"In  this  quadrangle  No.  6  coal  varies  in  thickness  between  2  and 
14  inches,  the  average  being  4J/2  inches.  The  thickness  increases  rap- 
idly in  a  southerly  direction.  Near  Waverly  it  is  3^  feet  thick.  At 
Chatham  the  thickness  is  between  5  and  6  feet,  and  at  Divernon  it  is 
nearly  8  feet  thick.  This  coal  is  mined  extensively  in  the  southern 
portion  of  Sangamon  County,  and  farther  south  in  the  vicinity  of 
Belleville,  Duquoin,  Carterville,  and  Herrin. 

NO.   7  COAL 

"No.  7  coal  is  not  thick  enough  to  be  of  economic  importance^ 
measuring  generally  only  2  or  3  inches.  In  three  of  the  shaft  records 
the  horizon  is  known  only  by  the  associated  fire  clay  and  black  shale 
strata,  the  coal  itself  not  being  present.  The  position  of  this  coal  is 
50  feet  above  No.  6  coal,  and  about  100  feet  above  No.  5  coal. 

NO.   8  COAI, 

"The  thickness  of  No.  8  coal  varies  from  18  to  31  inches.  The 
bed  lies  above  drainage  over  the  whole  of  the  area  except  in  a  belt 
around  3  miles  wide  along  the  east  border,  and  it  has  been  eroded 
away  from  a  strip  of  about  equal  width  along  the  west  side  of  the 
quadrangle.  For  several  years  before  the  deeper  and  thicker  bed,  No. 
5,  was  discovered,  this  was  the  only  coal  worked  in  the  Springfield 
region.  The  mining  was  done  by  drifts  run  into  the  hillsides  at  points 
where  the  bed  outcropped  above  the  level  of  the  streams.  Traces  of 
such  workings  may  be  seen  along  a  branch  in  W.  J4  sec.  32,  T.  1*6  N.^ 
R.  5  W. ;  along  the  west  bank  of  Sugar  Creek  in  secf.  12,  T.  15  N.,  R. 
5  W. ;  and  they  are  numerous  along  the  south  bank  of  Sangamon  River 
in  sec.  5  and  6  T.  16  N.,  R.  4  W.  The  greatest  measured  thickness 
of  this  coal  was  at  the  Sangamon  River  localities  where  it  reached 
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31  inches.  No.  8  coal  lies  at  an  average  distance  of  about  77  feet 
above  No.  7  coal,  and  about  175  feet  above  No.  5  coal. 

"No  swamp  conditions  or  soil  beds  seem  to  have  been  developed 
in  the  interval  between  No.  5  and  No.  6  coals.  Between  coal  beds 
No.  6  and  No.  7  there  is  generally  reported  one,  and  in  some  instances 
two,  layers  of  black  shale  with  underclays.  In  a  few  places  there  is  a 
thin  bed  of  coal  at  one  of  these  levels.  Between  No.  7  and  No.  8  coals 
there  is  less  frequently  reported  a  clay-shale  succession  with  a  rare 
occurrence  of  a  thin  coal  bed. 

"A  comparison  of  the  thicknesses  of  the  coal  beds  from  No.  5  to 
No.  8,  inclusive,  and  of  the  distances  separating  them  in  various  .mine 
shafts  and  borings  is  given  in  Table  7."  ^ 

Mine  Notes 

« 
« 

DAWSON  COAL  MINING  COMPANY'S  MINE,  AT  DAWSON 

Entrance:     Shaft,  about  250  feet  to  No.  5  coal. 

Thickness  of  coal:    Average  thickness,  5  feet  2  inches. 

Character  of  the  coal:  The  upper  foot  and  the  lower  foot  of  the 
seam  are  free  from  pyrite  but  there  are  small  discontinuous  lenses  in  the 
middle  part.  "Horsebacks"  and  niggerheads  are  fairly  numerous.  Some 
of  the  "horsebacks"  contain  much  pyrite  and  are  very  hard.  The  coal  has 
a  general  dip  to  the  east  which  is  interrupted  by  small  rolls  or  arches, 
the  dimensions  of  which  were  not  reported. 

Character  of  the  roof:  The  roof  is  black  "slate,"  1  to  4  feet  thick, 
and  commonly  underlies  a  cap-rock  which  attains  a  known  thickness  of 
4  feet  and  which  in  turn  underlies  soapstone  1  to  20  feet  thick. 

Character  of  the  floor:  The  underclay  is  1^  to  5  feet  thick.  It  is 
reported  to  heave. 

BARCLAY    COAL    COMPANY'S    ABANDONED    MINE,    AT    BARCLAY 

Entrance:     Shaft;  depth  to  No.  5  coal  about  247  feet. 

Thickness  of  coal:     Averages  about  5  feet  10  inches. 

Character  of  the  roof:  The  immediate  roof  is  black  slate  about  3 
feet  thick,  underlying  a  sandstone  cap-rock  2  feet  in  thickness.  The  roof 
is  reported  to  be  good. 

SANGAMON  COAL  COMPANY'S  NO.  3   MINE,  AT  CANTRALL 

Entrance:     Shaft,  206  feet  to  the  top  of  No.  5  coal. 

Thickness  of  coal:  Averages  5^  feet  in  thickness,  with  a  maximum 
of  over  6  feet. 

Character  of  the  coal:  The  coal  is  uniform  in  character  and  contains 
thin  streaks  of  pyrite  and  some  pyrite  nodules  as  the  principal  impurities. 
These  occur  in  no  great  abundance.     The  coal  is  mostly  bright  and  flnely 


iSavagre,   T.   E.,   Geologry   and    mineral   resources   of   the   Sprlngrfteld   quad- 
rangrle:  111.  State  Geological  Survey  Bull.   20,  pp.   115-120,   1913. 
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laminated.  Clay  veins  or  "horsebacks'*  are  the  only  important  interruption 
in  the  continuity  of  the  bed. 

Character  of  the  roof:  The  immediate  roof  is  commonly  black  ''slate." 
Locally  the  "slate"  is  absent  and  the  cap-rock  rests  upon  the  coal.  The 
usual  thickness  of  the  limestone  cap-rock  is  about  1  foot,  and  the  "slate" 
varies  up  to  about  4  feet.  Commonly  a  streak  of  pyrite  occurs  in  the  shale 
just  above  the  coal,  which  "freezes"  the  coal  to  the  shale  so  that  in  mining 
about  1  inch  of  the  coal  stays  up.  This  is  said  to  be  desirable,  as  it  pro- 
tects the  shale  from  the  air.  The  slate  also  contains  "niggerheads"  which 
make  the  roof  rather  irregular. 

Character  of  the  floor:  The  underclay  is  about  3  feet  thick.  It  heaves 
somewhat  when  wet. 

CITIZENS  COAL  MINING  COMPANY 'S  MINE  "A,"   ^    MILE  WEST  OF 

SPRINGFIELD 

Entrance:     Shaft,  207  feet  to  No.  5  coal. 

Thickness  of  coal:  Where  measured  the  coal  had  a  thickness  of  5 
feet  4  inches. 

Character  of  the  roof:  The  immediate  roof  in  the  mine  is  black 
"slate,"  1^  to  5  feet  thick,  but  averaging  3%  feet.  The  cap-rock  is  a 
nodular  limestone  12  to  14  inches  thick;  it  is  followed  above  by  bluish- 
gray  shale  about  15  feet  thick.  Between  the  coal  and  black  "slate"  is 
commonly  a  band  of  pyrite  with  many  fossils.  "Niggerheads"  are  present 
in  the  black  shale  and  "horsebacks"  cut  through  the  coal. 

PEERLESS   COAL   COMPANY'S   MINE,    AT    SPRINGFIELD 

Entrance:   Shaft;   223  feet  to  top  of  No.  5  coal. 
Thickness  of  coal:     Varies  from  5  feet  to  6  feet  2  inches. 
Sections  of  the  coal: 

Sections  of  No,  5  coal  in  Peerless  mine.  Peerless  Coal  Company 

Section  1 — Room  18,  1st  A  east  entry 

Thickness 
Ft,  in. 

Roof:     Black  shale 

Coal,  fairly  clean 2  7 

Pyrite  parting 

Coal,  fairly  clean 3  4 

Floor :     Fire  clay 


5  11  I 

Section  2 — Room  1  off  4B  south  off  east  entry 

Thickness  | 

Ft.  in. 

Roof:     Black  shale 

Pyrite 1 

Coal,  fairly  clean,  dull 2  3 

Pyrite   parting    

Coal,  dirty,  streaked  with  pyrite 3  5 

Floor:    Dark  underclay 

5  9 
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Sectioji  S — Room  11 ,  Ist  C  west  entr% 

Thickness 
Ft.  in. 

Roof:     Black  shale 

Coal,  fairly  clean 5  10 

Floor :     Underclay   


5  10 

Character  of  the  coal :  The  coal  is  rather  hard,  bright,  hackly,  banded, 
and  contains  a  small  amount  of  pyrite  in  plates  along  joint  cracks  and  in 
lenses  parallel  to  the  bedding.  Although  the  bed  is  uniform  in  appearance 
throughout.  It  is  somewhat  harder  at  the  bottom  and  the  bottom  coal  is 
slightly  "bony"  in  places.  The  clay  veins  or  "horsebacks,"  which  are  rather 
common,  vary  in  width  up  to  more  than  3  feet. 

Character  of  the  roof:  The  immediate  roof  is  black  shale  about  3 
feet  thick,  and  the  cap-rock  is  limestone  2  inches  to  2  feet  thick,  averaging 
IH  feet.  The  black  sheety  shale  of  the  roof  contains  "niggerheads"  of 
all  sizes  up  to  several  feet  in  diameter,  which  in  most  cases  project  from 
the  roof  down  into  the  coal,  and  around  which  the  coal  is  always  bent. 
Between  the  coal  and  the  black  shale  there  is  generally  an  inch  or  so  of 
black  shale  and  coal,  representing  a  gradation  from  the  coal  to  the  "slate 
above.  Locally,  however,  the  parting  between  the  coal  and  the  "slate 
is  sharp. 

Character  of  the  floor:  The  underclay  is  a  dark-gray  clay,  6  feet 
thick  at  the  sump,  which  heaves  when  wet. 

MBCHANICSBURG  COAL  COMPANY'S  MINE   (NOT  OPERATING),  AT  MECHANICSBURG 

Entrance:     Shaft;  300  feet  to  the  top  of  No.  5  coal. 

Thickness  of  the  coal:     Average  thickness  5  feet. 

Character  of  the  coal:  The  coal  is  uniform  in  character  from  top 
to  bottom  with  no  persistent  partings  or  bands.  There  is  some  gypsum 
alorg  the  vertical  joint  cracks.  The  coal  is  finely  laminated  with  more 
mother  coal  than  is  commonly  found  in  the  mines  near  Springfield. 

Character  of  the  roof:  The  roof  shale  or  "slate"  is  1^  to  1  foot  10 
inches  thick,  and  the  cap-rock  above,  where  it  is  present,  is  limestone 
varying  up  to  1  foot  in  thickness. 

Notes  on  No.  6  coal:  About  27  feet  above  the  bed  being  operated  at 
the  time  the  above  observations  were  made  (1912)  is  the  bed  thought  to 
be  No.  6  coal  which  was  worked  two  years  before.  This  upper  bed  has  a 
4-  to  5-inch  blue  band  near  the  middle.  It  is  about  5  feet  thick  and  at 
the  shaft  lies  at  a  depth  of  277  feet.  To  the  west  it  is  higher  and  is  only 
2^  feet  thick.  East  of  the  shaft  it  becomes  6  feet  thick  at  a  distance  of 
140  feetf  dipping  11  feet  in  the  first  55  feet,  after  which  it  becomes  level. 
At  the  air  shaft,  which  is  346  feet  north  of  the  main  shaft,  the  coal  is  81 
feet  above  its  altitude  at  the  hoisting  shaft  and  is  only  1  inch  thick. 

PEABODY  COAL  COMPANY'S  MINE  NO    6,  AT  SHERMAN 

Entrance:     Shaft;  depth  to  No.  5  coal  198  feet. 
Thickness  of  the  coal:     Average,  6  feet. 
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Character  of  the  coal:  The  coal  is  laminated,  free  of  dirt  band,  but 
contains  considerable  mineral  charcoal.  It  shows  a  few  pyrite  bands  as 
much  as  1  inch  thick,  but  these  are  not  persistent.  Thin  plates  of  calcite 
or  g3rpsum  occupy  the  joint  cracks.  "Horsebacks'^  or  clay  slips  are  numer- 
ous. These  are  ^nerally  2  to  4  inches  across  and  extend  various  distances 
into  the  coal  from  the  top,  some  cutting  entirely  across  the  seam.  The 
filling  of  some  of  the  horsebacks  shows  slickensided  or  smoothed  surfaces, 
and  cementation  of  the  fillirg  by  calcite  or  possibly  by  pyrite  is  not  uncom- 
mon. 

Character  of  the  floor:  The  underclay  is  hard  and  locally  at  least 
is  "frozen"  to  the  coal.  Practically  no  bottom  was  taken  up  at  the  time 
the  observations  were  made  (1912). 

SANGAMON  COAL  COMPANY'S  MINE   NO.  2,  AT  STEARNES    (SPRINGFIELD) 

Entrance:     Shaft;  250  feet  to  the  top  of  No.  5  coal. 

Thickness  of  the  coal:    The  coal  averages  almost  6  feet  in  thickness. 

Sections  of  the  coal: 

Sections  of  No,  5  coal  in  mine  No.  2^  Sangamon  Coal  Company  ^ 
Section  1 — Room  SO*  off  south  entry  21,  one  mile  southeast  of  shaft 

Thickness 
Ft.  tn. 

Roof:  Shale  

Coal    2 

Mother  coal   "^M 

Coal    1  5 

Shale    % 

Coal    2  4 

Floor:     Fire  clay  


•   • 


5  9^ 

Section  2 — Entry  16  off  stub  entry  4,  UfiOO  feet  northeast  of  shaft 

Thickness 
Ft,  in. 

Roof :   Shale   

Coal    1  3 

Mother  coal   % 

Coal    1  5 

Shale    V-k 

Coal    3  3 

Floor:     Underclay  

5  11% 

Character  of  the  coal:     The  coal  is  of  the  usual  character  for  this 

district.      Horsebacks   are   numerous,   with   a  fllling  of  hard   white   clay 

which  is  somewhat  limy  and  carries  small  bi'^s  of  coal.     The  coal  is  well 

jointed. 

Character  of  roof:     The  roof  is  a  limy  shale,  l^A  to  4%  feet  thick, 

with  a  cap-rock  6  inches  to  2  feet  thick.    The  shale  roof  holds  up  well  and 

lU.  S.  Bureau  of  Mines  Bull.  22,  p.  510. 
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is  not  generally  taken  down.  It  carries  the  usual  "niggerheads "  which 
form  "pots"  projecting  down  into  the  coal  and  which  are  smoothed  or 
slickensided  around  their  surfaces. 

Character  of  the  floor:    The  floor  is  a  hard  gray  underclay. 


SANGAMON  COUNTY  MINING  COMPANY'S  JEFFERSON    MINE,  AT  SPRINGFIELD 

Entrance:  Shaft;  depth  to -the  top  of  No.  5  coal  about  240  feet. 

Thickness  of  the  coal:  Varies  from  3%  to  6%  feet,  averaging  5  feet 
9  inches. 

Character  of  the  coal:  The  "horseback"  or  clay  veins  are  very 
numerous,  so  that  they  seriously  interfere  with  mining  operations.  Many 
extend  in  a  northwest-southeast  direction;  the  miners,  however,  say  that 
there  is  no  predominant  direction  in  which  they  run.  The  coal  is  com- 
monly faulted  down  on  one  side  of  the  "slips,"  the  laminae  being  bent 
down  on  the  downthrow  side  for  a  few  feet  back  from  the  break.  The 
similarity  of  the  clay  which  fills  the  fissure  to  the  soapstone  above  the 
cap-rock  indicates  that  it  apparently  came  from  the  soapstone  through 
this  latter  bed.  Pieces  of  the  black  roof  shale  are  also  common  in  the 
"clay  veins,"  but  no  coal  fragments  are  found  in  the  clay  above  the  top 
of  the  coal  seam.  The  "horsebacks"  commonly  extend  only  part  way 
through  tlie  coal,  unless  they  are  large.  The  fissure  generally  widens  in 
the  coal  from  a  narrow  opening  in  the  cap-rock. 

Character  of  'the  roof:  The  immediate  roof  is  black  laminated  shale 
or  "slate."  At  the  bottom  of  the  "slate''  and  extending  up  into  the  shale 
and  down  into  the  coal,  are  many  large  niggerheads,  some  of  them  large 
enough  to  extend  across  an  entry.  In  places  a  band  of  ferrufifinous  lime- 
stone, 2  to  6  inches  thick,  which  carries  numerous  fossils,  lies  between  the 
black  shale  .and  coal.  This  occupies  the  same  position  as  the  "nigger- 
heads" and  is  composed  of  similar  material. 

Character  of  the  floor:     The  coal  is  underlain  by  an  underclay. 


SPRINGFIELD  DISTRICT  COAL  MINING  COMPANY'S  CORA  OR  NO.   51 

MINE,  AT   ANDREW 

Entrance:     Shaft;  145  feet  to  No.  5  coal. 

Thickness  of  coal:     Average,  6  feet. 

Roof  and  floor:    Clay  below  coal,  and  4  feet  or  more  of  limestone  above. 

SPRINGFIELD    DISTRICT    COAL    MINING    COMPANY'S    MINE    NO.    52, 

AT  RIVERTON 

Entrance:     Shaft,  depth  to  No.  5  coal  232  feet. 

Thickness  of  coal:     Varies  from  5  feet  9  inches  to  6  feet  2  inches; 
averages  5  feet  11  inches. 

Sections  of  the  coal: 


•   •  •  • 


•    • 
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Sections  of  the  No,  5  coal  in  mine  No.  52  of  the  Springfield  District  Coal 

Mining  Company 

Section  1 — Room  2,  off  2d  north  stub  off  Sd  east  north, 

2,100  feet  from  the  shaft  _,  .  , 

Thickness 

Ft  in. 

Roof:    Black  shale 

Coal,  bright  2 

Blackjack 1 

Coal,  bright  1  4 

Pyrite  streak % 

Coal,  bright  1 

Floor :     Fire  clay 

4  5Vfe 

Section  2 — No.  6  room,  off  10th  v^st  off  main  south  entry, 

5,600  feet  from  the  shaft 

X II  iciuiess 

Ft.  in. 

Roof:     Black  slate 

Coal,  bright 1  7 

Pyrite  streak % 

Coal,  bright  3  11 

6  6% 

Section  S — Back  entry  at  face  of  main  south  entry,  5,700  feet 

f"^  '^"f'  Thickness 

Ft.  in. 

Coal,  bright  1 

Pyrite   streak    % 

Coal,  bright  2  10 

Pyrite    % 

Coal,   bright    2  3 

6  1% 

Character  of  the  coal:     The  coal  has  no  unusual  characteristics.    The 

main  cleat  is  southeast  to  northwest  and  the  prevailing  dip  about  2^  per 

cent  to  the  east. 

Character  of  the  roof  and  floor:     The  roof  consists  of  black  ''slate" 

2^  to  4  feet  thick,  cap-rock  about  1  foot  thick,  and  gray  shale  above  the 

cap-rock.     The  floor  is  clay  about  4  feet  thick,  resting  upon  14  inches  of 

hard  rock  below  which  is  more  shale. 

SPBINGFIELD    DISTRICT    COAL    MINING    COMPANY'S    MINE    NO.    53 

(WOODSIDE),  AT  SPRINGFIELD 

Entrance:     Shaft,  about  245  feet  to  No.  5  coal. 

Thickness  of  the  coal:     Varies  from  4%  to  6V4  feet;  averages  5  feet 
10  inches. 

Sections  of  the  coal: 
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Sections  of  the  No.  5  coal  in  mine  No,  5S  of  the  Springfield  District  Coal 

Mining  Company 

Section  1 — Room  1  off  the  9th  west  entry  off  the  main  south  entry 

Thickness 
Ft  in. 

Roof:    Black  shale 

Coal,    clean,   bright 3% 

Mother  coal   ^^ 

Coal,  fairly  clean 5  4 


5  8 

Section  2 — Room  5,  off  8th  south  entry  off  southeast  entry 

Thickness 
Ft,  in. 

Roof:    Black  shale 

Coal,   fairly   clean 2  6 

Pyrite    ^^ 

Coal,  bright,  fairly  clean 2  9% 


6  4 

Section  S — Room  5,  off  19th  njorth  entry  off  straight  east  entry 

Thickness 

Ft.  in. 

Roof:    Black  shale 

Coal,  very  hard,  bright,  clean 4  4% 

Bone  and  little  pyrite V^ 

Coal,  hard,  dull,  clean 1  4 


5  9 

Character  of  the  coal:  The  coal  is  reported  to  lie  in  three  benches; 
top  bench  about  1  foot  thick,  middle  bench  3^  feet,  and  bottom  bench  1^ 
feet.  The  coal  has  the  usual  laminated  appearance  due  to  dull  and  bright 
layers.  Bedded  impurities  are  inconspicuous.  The  chief  irregularities 
in  the  coal  ere  the  clay  veins  (''horsebacks'').  They  vary  in  width,  the 
maximum  being  about  6  feet,  and  consist  of  gray  or  white  clay  in  which 
coal  and  limestone  fragments  are  embedded. 

Character  of  the  roof  and  floor:  The  roof  is  black  shale,  2  to  4  feet 
thick.  The  cap-rock  when  present  varies  in  thickness,  but  is  not  morc^ 
than  18  inches  generally.  The  coal  rests  on  underclay.  It  is  reported 
that  the  clay  beneath  the  horsebacks  is  harder  and  more  pyritic  than  it  is 
elsewhere. 

SPRINGFIELD    DISTRICT   COAL    MINING    COMPANY'S    MINE    NO.    55, 

AT  SPRINGFIELD 

Entrance:     Shaft;  250  feet  to  the  top  of  No.  5  coal. 
Thickness  of  the  coal :    Varies  from  5  feet  9  inches  to  6  feet  3  inches : 
averages  5  feet  11  inches. 


SANGAMON  COUNTY  223 

Character  of  the  coal:  No  unusual  features  noted.  Horsebacks  are 
common  and  these  commonly  show  a  downward  bending  of  the  coal  laminae 
on  the  side  of  the  downthrow.  The  downthrow  of  one  clay  vein  amounted 
to  13^  inches,  and  of  another,  15  inches.  At  a  number  of  slips^  a  slight 
upward  bending  of  the  coal  at  the  bottom  of  the  bed  opposite  the  down- 
throw side  is  evident.  In  general  the  more  nearly  vertical  the  ''horseback," 
the  less  the  displacement  of  the  coal  on  either  side. 

Character  of  the  roof  and  floor:  The  shale  which  forms  the  roof 
varies  in  thickness  from  2^  to  4  feet.  The  limestone  cap-rock  present  in 
some  places  is  commonly  3  to  6  inches  thick.  Gray  soapstone  overlies  the 
cap-rock.  Locally  a  2-  to  10-inch  bed  of  pyrite-bearing  limestone  con- 
taining numerous  fossils  lies  between  the  black  shale  and  the  coal.  The 
floor  is  underclay. 

BISSELL  COAL  COMPANY'S  MINE  AT  BISSELL  ^ 

Entrance:    Shaft;  about  235  feet  to  No.  5  coal. 

Thickness  of  the  coal:  Two  measurements  of  the  coal  in  this  mine 
show  a  thickness  of  5  feet  9  inches  and  6  feet  1^  inches,  respectively. 

Character  of  the  coal:  ''Horsebacks"  are  common,  and  thin  pyrite 
lenses  are  present  in  small  amount  in  the  middle  of  the  bed. 

Character  of  the  roof:  The  roof  is  black  shale  IV^  to  4  feet  thick, 
with  locally  a  pyrite  band  %  to  1  inch  thick  between  the  coal  and  the 
"slate."  "Niggerheads"  are  not  common.  The  cap-rock  varies  from  2 
inches  to  4  feet  in  thickness. 

UNION  FUEL  COMPANY'S  MINE  NO.  2,  AT  KEYS 

Entrance:     Shaft;  220  feet  to  the  top  of  No.  5  coal. 

Thickness  of  the  coal:    Average  thickness  between  5%  and  5%  feet. 

Character  of  the  coal:  The  upper  2  feet  of  the  bed  is  said  to  furnish 
the  best  coal;  the  next  foot  carries  thin  streaks  of  pyrite,  and  the  lower 
coal  is  good.  The  main  cleat  is  northeast-southwest,  and  the  bed  dips 
mainly  to  the  southwest.  On  the  extreme  east,  however,  there  is  an  east- 
ward dip.    The  coal  is  cut  by  "horsebacks." 

Character  of  the  roof:  The  roof  is  black  "slate,"  1  foot  2  inches  to 
5  feet  thick,  with  a  cap-rock  present  in  places  and  varying  in  thickness 
up  to  about  1  foot. 

UNION  FUEL  COMPANY'S  MINE  NO.  5,  AT  SELBYTOWN 

Entrance:     Shaft;  267  feet  to  the  top  of  No.  5  coal. 

Thickness  of  the  coal:     Average,  5  feet  8  inches. 

Character  of  the  coal:  The  coal  has  a  cleat  which  is  directed  near 
east  and  west.     "Horsebacks"  are  not  numerous. 

Character  of  the  roof  and  floor:  The  roof  is  black  shale  or  "slate" 
with  an  average  thickness  of  3  feet  but  varying  from  6  inches  to  4V^  feet. 
It  is  reported  to  make  a  good  roof  and  to  have  but  few  "niggerheads." 
The  limestone  cap-rock  is  from  4  inches  to  2  feet  thick.  The  floor  is  Are 
clay  2%  feet  or  more  in  thickness,  which  heaves  considerably. 


iFormerly  Standard  Washed  Coal  Company,  Mine  No.   2. 


SCHUYLER  COUNTY 
Production  and  Mines 
Mining  operations  in  Schuyler  County  are  all  by  nonshipping 
(or  wagon)  mines,  and  are  confined  to  two  beds,  No.  2  and  No.  5,  of 
which  probably  No.  2  is  the  more  important.  During  the  year  ending 
June  30,  1920,  there  were  28  local  mines  in  the  county  which  produced 
a  total  of  17,7^7  tons.  Five  of  these,  all  in  the  vicinity  of  Rushville, 
produced  between  1,000  and  4,200  tons,  and  according  to  the  mining 
inspector's  reports,  it  is  only  in  this  vicinity  that  No.  5  coal  is  worked 
in  Schuyler  County, 

Coal-bearing  Rocks 
Schuyler  County  is  included  within  the  area  of  District  III  as  well 


Fig.  29, — Photograph  of  No.  5  coal  in  outcrop  northeast  of  Ruahville,  near 
the  center  of  sec.  23,  T.  2  N.,  R.  1  W.;  the  bed  is  cut  by  a  small  fault 
and  a  nearby  "horseback." 

as  IV  and,  because  of  the  larger  area  underlain  by  the  No.  2  coal,  as 
compared  with  the  area  underlain  by  No.  5  coal,  will  be  discussed  in 
greater  detail  in  the  report  on  District  III  than  in  this  report.  No.  5 
coal  underlies  only  the  uplands  near  Rushville,  for  the  most  part  in 
T.  2  N.,  R.  1  W.,  and  the  eastern  part  of  T.  2  N.,  R.  2  W.  In  all  cases 
it  is  worked  by  shaft,  slope,  or  drift,  and  so  far  as  known  it  has  never 
been  stripped  to  any  extent  in  this  r^on,  though  there  are  possibly 
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areas  where  it  is  under  too  light  a  cover  to  permit  use  of  any  other 
method.  i    1 

Between  No.  5  and  No.  2  coals,  Worthen  reports  an  interval  of 
175  to  200  feet  northeast  of  Pleasant  View.  Of  these  strata  possibly 
the  most  conspicuous  is  a  heavy  sandstone  and  sandy  shale  member 
which  is  well  exposed  along  the  Chicago,  Burlington  and  Quincy  Rail- 
road between  Rushville  and  Ray,  beginning  a  few  feet  below  No.  5 
coal  and  having  a  thickness  of  about  100  feet. 

Coals 

NO.   5  COAL 

The  upper  or  No.  5  coal  in  Schuyler  County,  outcrops  near  Rush- 
ville, with  a  thickness  of  4  to  6  feet,  and  has  the  usual  black  shale  roof 
with  "niggerheads"  and  limestone  cap-rock,  and  is  cut  by  "clay  veins" 
or  horsebacks.  A  photograph  of  one  of  these  "horsebacks"  as  seen 
in  an  outcrop  northeast  of  Rushville  is  reproduced  as  figure  29.  So  far 
as  known  the  coal  partakes  of  all  its  usual  characteristics  displayed  in 
Fulton  County. 

NO.  2  COAL 

No.  2  coal  is  widespread  at  a  uniform  thickness  in  Schuyler 
County  except  where  it  has  been  eroded  along  streams.  A  map  pre- 
sented in  Bulletin  31  of  the  State  Geological  Survey^  indicates  a  general 
southward  dip  of  the  coal  from  580  near  Littleton  to  510  at  Frederick 
and  near  Ripley.  Assuming  a  constant  interval  between  coals  No.  2 
and  No.  5  over  the  county,  the  altitude  of  the  upper  coal  should  vary 
from  about  750  to  680  feet  from  north  to  south.  As  the  surface  alti- 
tude in  Schuyler  County  rarely  exceeds  700  feet,  and  as  the  surface  of 
bed  rock  is  somewhat  lower  on  account  of  the  cover  of  glacial  drift, 
it  is  obvious  that  the  upper  coal  can  be  present  only  in  the  southern 
part  of  the  county. 

The  dip  is  not  regular  to  the  south  but  is  interrupted  by  local  an- 
ticlines and  syncHnes  which  bring  the  coal  above  or  below  the  level 
that  might  be  expected  on  the  basis  of  a  perfectly  regular  dip. 

For  a  more  detailed  account  of  No.  2  coal  in  Schuyler  County 
the  reader  must  await  a  later  bulletin  on  coal  resources  of  District  III. 

NO.    1    COAL 

No.  1  coal  is  known  to  have  a  local  distribution  in  the  eastern  part 
of  the  county.  It  is  not  being  worked,  however,  so  far  as  is  known. 
Whenever  seen  it  was  thin,  18  inches  to  2  feet,  and  in  one  area  in  two 
beds,  each  about  2  feet  in  thickness.  This  coal  as  well  as  No.  2  will  be 
described  in  greater  detail  in  a  later  report. 

iMorse,  W.  C,  and  Kay,  Fred  H.,  The  area  south  of  the  Colmar  oil  field: 
Illinois  State  Geological  Survey  Bull.  31,  Plate  I.  1914. 
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Production  and  Mines 

Production  in  tons,  year  ending  June  30,  1920 721,288 

Average  production  1916-1920,  inclusive 531,272 

The  production  of  coal  from  Tazewell  County  for  the  year  end- 
ing June  30,  1920,  was  a  little  less  than  one  per  cent  of  the  total  pro- 
duction for  the  State  and  the  county  ranked  twentieth.  Six  shipping 
mines  and  four  local  mines  operated  in  that  year.  The  names  of  the 
six  shipping  mines  together  with  their  production  are  given  in  Table  6. 

SuRFiciAL  Deposits 

A  large  part  of  the  surface  of  Tazewell  County  is  morainic,  and 
beneath  the  ridges  of  glacial  material  the  drift  is  commonly  thick. 
For  instance,  the  preceding  record  of  a  drilling  at  Washington  shows 
a  depth  to  the  rock  of  335  feet  11  inches.  It  will  be  noted  also  that 
the  unconsolidated  material  includes  several  water-bearing  sandy  hori- 
zons described  as  "quicksand."  This  record  is  probably  representative 
of  the  more  unfavorable  conditions  for  exploration  and  development 
work  that  exist  in  the  county,  as  it  is  not  probable  that  a  much  greater 
thickness  than  335  feet  is  generally  present. 

Coal-bearing  Rocks 

The  coal  bearing  rocks  of  Tazewell  County  include  strata  of  the 
Pennsylvanian  system  from  the  base  up  to  some  horizon  above  No.  7 
coal  but  probably  below  the  Lonsdale  limestone.  The  youngest  rocks 
in  the  county  are  adjacent  to  the  Illinois  from  near  Farm  Creek  to 
5  or  6  miles  south  of  Pekin.  The  slope  of  the  rock  surface  is  appa- 
rently eastward  from  this  area,  wherein  it  is  at  a  relatively  high  alti- 
tude, and  is  sufficient  so  that  the  rock  surface  passes  below  the  horizon 
of  No.  5  coal.  The  rock  surface  also  slopes  to  the  north  from  this 
area  wherein  it  is  relatively  high  so  that  the  surface  of  the  rock  passes 
below  the  bed  of  Farm  Creek,  the  slope  to  the  north  accordingly  being 
more  abrupt  than  that  to  the  east.  It  is  probable  that  the  rock  surface 
in  the  northern  part  of  the  county  is  largely  below  the  horizon  of 
No.  5  coal.  It  appears,  therefore,  from  the  evidence  at  hand,  that 
there  is  only  a  small  area  of  rocks  of  the  McLeansboro  formation  in 
the  western  part  of  the  county,  the  greater  part  of  the  county  being 
underlain  by  Pennsylvanian  rocks  belonging  to  the  Carbondale  and 
Pottsville  formations. 
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Record  of  drillivg  in  NE.  cor.  sec  ^2S,  T.  26  N,,  R.  S  W.,  near  Washington, 

lUinoie. 

Altitude:  Est.  7U5  feet. 


Description  of  Strata 


Quaternary  system — 

Pleistocene  and  Recent — 

Clay  and  loam 

Gravel 

Clay. 

Clay  and  gravel 

Clay,  light  blue 

Gravel 

Clay.- 

Gravel 

Clay  and  gravel 

Clay,  light  blue 

Gravel 

Sand 

Quicksand 

Gravel 

Quicksand,  gray 

Quicksand,  white 

Gravel 

Pennsylvanian  system — 

Soapstone,  light 

Sandstone,  light 

"Slate,"  black..-..- 

Coal 

Fire  clay 

"Slate,"  light  gray.-.. 

"Slate,"  dark 

"Slate,"  black.- 

Coal  (No.  2?) 

Fire  clay 

"Slate" '. 


Thickness 

De 
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3 
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3 

83 
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86 
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9 
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3 
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Record  of  drilling  abaut  6V2  miles  'southeast  of  Pekin,  Illinois, 

Description  of  strata  Thickness      Depth 

Quaternary  system —  Feet  Feet 

Pleistocene  and  Recent — 

Clay,  yellow  16  16 

Clay,  blue  140  156 

Sand  and  £^avel;  some  gas 10  166 

Pennsylvanian  system — 

Shale,  dark    119  285 

Fire  clay   4  289 

Shale,  black  71  360 

Shale,  white 40  400 

Shale,  dark 20  420 

Shale,  white 46  465 

Shale,  dark 3  468 

Coal    (No.   2?) 4  472 

Fire  clay    9  481 

Shale,  white    34  515 

Fire  clay    4  519 

Shale,  white  84  603 

Shale,  dark 104  707 

Sandstone    1  708 

Shale,  white 29  737 

Sandstone    5  742 

Limestone,   blue    3  745 

Sandstone  4  749 

Limestone    2  751 

Sandstone    3  754 

Limestone    3  757 

The  operations  in  Tazewell  County  are  all  along  or  near  the 
Illinois  valley,  where  conditions  are  essentially  ithe  same  as  those  de- 
scribed for  Peoria  County.  The  eastern  part  of  the  county  is  heavily 
drift  covered,  and  rock  exposures  are  very  uncommon  if  they  exist 
at  all.  So  little  drilling  has  been  deep  enough  to  penetrate  the  coal- 
bearing  strata  that  except  for  a  narrow  strip  between  Pekin  and  East 
Peoria,  the  distribution  and  thickness  of  the  coal  beds  is  practically 
unknown  in  this  county.  There  is  little  doubt,  however,  that  No.  2 
coal  is  widespread  throughout  the  county  in  workable  thickness,  and 
probably  No.  5  coal  is  also  present  in  large  areas. 

Neither  of  these  records  gives  sufficient  detail  to  permit  the  ac- 
curate correlation  of  the  coals.  In  one  record  the  coal  at  a  depth  of 
443  feet  is  considered  as  probably  No.  2,  since  it  is  obviously  too  deep 
for  No.  5.  No.  2  coal  lies  about  150  feet  below  No.  5  in  the  Peoria 
region.  The  latter  has  an  average  altitude  of  431  feet  in  Pekin 
Township.    Thus  No.  2  would  have  an  altitude  of  about  290  feet.    In 
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the  second  record  given  above,  the  surface  altitude  is  about  680  feet 
and  that  of  the  coal  correlated  as  No.  2  is  208  feet.  This  is  lower 
than  the  average  altitude  for  the  coal  noted  above,  but  the  difference 
may  be  accounted  for  by  the  eastward  dip  of  the  rocks.  The  upper 
coal.  No.  5,  was  apparently  missed  in  drilling  this  hole,  whereas  in  the 
hole  near  Washington  it  has  apparently  been  eroded,  the  base  of  the 
drift  lying  below  the  horizon  of  the  coal. 

POTTSVIU.E  FORMATION 

Concerning  the  character  of  the  Pottsville  formation  in  this 
county  the  only  available  information  is  that  afforded  by  several  water 
well  records  near  Pekin  and  East  Peoria,  supplemented  by  data  con- 
cerning the  strata  in  the  eastern  part  of  Peoria  County.  It  is  unneces- 
sary to  repeat  the  description  of  the  formation  as  given  for  Peoria 
County.  It  may  be  pointed  out,  however,  that  near  Peoria  in  the 
Pottstown  mine,  one  workable  coal  lies  110  to  130  feet  below  No.  2 
coal.  This  coal  lies  in  two  benches  separated  by  nearly  3  feet  of  shale, 
the  upper  bench  1  foot  3  inches  and  the  lower  bench  2  feet  3 
inches  in  thickness.  It  is  thought  to  be  the  No.  1  coal  of  the  Illinois 
coal,  which  has  been  mined  extensively  in  the  Rock  Island  region  and 
in  the  mine  at  Parrville,  Fulton  County.  Although  this  coal  is  too  thin 
to  be  mined  profitably  at  present,  it  represents  a  valuable  resource 
which  must  be  drawn  upon  some  day. 

Between  No.  1  and  No.  2  coals  there  are  possibly  two  coals  of 
workable  thickness,  one  30  to  40  feet  above  No.  1  coal  and  the  other 
about  the  same  distance  below  No.  2  coal.  The  lower  of  these  coals 
in  some  of  the  wells  drilled  in  the  Peoria  district  was  reported  to  be 
about  30  inches  in  thickness,  and  the  other  between  1  and  2  feet.  It 
is  physically  possible  to  mine  coals  18  inches  thick,  with  the  proper 
equipment,  at  a  cost  not  greatly  exceeding  the  cost  of  mining  the  thin- 
nest of  the  coals  now  nlined  in  the  State.  Eventually  after  the  sup- 
ply of  thicker  coal  has  been  exhausted,  these  thin  beds  will  doubtless 
be  worked. 

CARBONDALE  FORMATION 

At  the  base  of  the  Carbondale  formation  lies  No.  2  coal,  which 
is  very  probably  widespread  in  this  county,  and  has  a  thickness  of 
about  3  feet.  It  is  present  at  Pekin  and  East  Peoria  and  at  Washing- 
ton, and  in  the  surrounding  counties,  and  lies  nearly  level  throughout 
a  large  area  east  of  the  Illinois.  There  is  only  about  50  feet  difference 
in  the  altitude  of  this  coal  at  Pekin,  at  Bloomington,  and  at  Washing- 
ton. This  coal  commonly  has  a  "soapstone"  or  gray  shale  roof  up  to 
about  20  feet  in  thickness  with  a  3-foot  black  paper-shale  overlying 
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the  soapstone.  The  roof  is  especially  adapted  to  the  longwall  method 
of  mining  which  is  employed  in  all  cases  where  this  seam  is  worked. 
The  details  of  the  succession  between  this  coal  and  No.  5  are  not 
known.  In  surrounding  counties  the  strata  consist  largely  of  shale  with 
massive  sandstone  near  the  top  of  the  section  not  uncommonly.  The 
interval  between  these  two  coals  in  the  Peoria  region  varies  from  110 
to  140  feet,  and  at  Bloomington  it  is  130  feet,  or  essentially  the  same 
as  at  Peoria.  It  is  not  improbable,  therefore,  that  the  thicknesses  and 
succession  of  strata  are  about  the  same  in  the  intermediate  region 
which  includes  Tazewell  County.  Details  of  the  succession  can  be 
learned  by  reference  to  the  chapters  on  McLean  and  Peoria  counties. 

No.  5  coal,  which  underlies  at  least  the  western  part  of  the 
county  in  the  vicinity  of  East  Peoria  and  Pekin,  and  probably  extends 
as  far  east  as  Groveland,  varies  in  thickness  from  about  4  feet  4  inches 
at  the  north  to  about  4  feet  8  to  10  inches  to  the  south.  It  has  the 
usual  characteristics  of  No.  5  coal;  that  is,  it  does  not  lie  in  benches, 
is  characteristically  cut  by  clay  veins  and  by  pyrite-filled  veins 
("spars"),  and  contains  banded  brown  or  gray  pyrite  and  a  few  bright 
pyrite  balls  in  the  upper  part  of  the  bed.  Within  the  area  of  its  out- 
crop along  the  bluff  and  beneath  the  drift  it  is  fairly  continuous,  but 
in  places  is  interrupted  by  "faults"  which  are  interpreted  as  channel 
sandstone  just  as  are  the  "faults"  on  the  Peoria  side  of  the  river.  Just 
northeast  and  south  of  its  outcrop  the  coal  is  apt  to  be  affected  by  pre- 
glacial  or  glacial  erosion,  so  that  considerable  areas  may  not  be  min- 
able.  Development  work  in  this  county  and  in  this  coal  bed  should 
be  preceded  by  careful  exploration  by  the  drill. 

The  strata  overlying  No.  5  coal  vary  from  the  usual  black  slate, 
clod  cap-rock,  and  gray-shale  succession  to  sandstone.  Especially  in 
Groveland  Township  sandstone  is  apparently  at  no  place  a  great  dis- 
tance above  the  coal,  and  locally  cuts  down  into  the  black  shale  and 
rests  upon  the  coal.  In  the  vicinity  of  Wesley  the  sandstone  in  places 
cuts  out  the  coal  entirely,  just  as  it  does  in  Hollis  Township  in  Peoria 
County. 

The  section  between  No.  5  and  No.  6  coals  is  composed  largely 
of  sandstone  and  sandy  shale,  the  interval  betwcfen  the  two  coals  being 
about  60  feet. 

No.  6  coal  in  western  Tazewell  County  is  irregular  in  thickness. 
As  shown  by  the  following  sections^  it  is  in  some  places  over  4  feet  and 
in  others  less  than  V/i  feet.  { 


lUdden,   J.   A.,   Geologry   and   mineral    resources   of   the   Peoria    quadrangrle, 
111.:   U.  S.  Oeological  Survey  Bull.   506,  pp.   45-46,   1912. 
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Section  in  the  north  bank  of  creek,  one-fourth  mile  southwest 
of  the  NE.  cor.  sec,  2J^,  Pekin  Township 

Thickness 
Ft.  in. 

Shale,  light  gray 1 

Limestone,  thinning  rapidly  to  east 2 

Shale,  "white  top" 6 

Coal,  thinning  rapidly  to  east  (No.  6) 1  6 

Fire  clay    3 

Shale,   arenaceous    16 


•  • 


•    a 


23 

Section  in  west  bank  of  Lick  Creeky  near  junction  of  its  two  forks, 

Sec.  25,  Pekin  Township 

Thickness 
Ft.  in. 

Sandstone   4 

Sandstone,  shaly 6 

Limestone,  discontinuous    1 

Shale,  "white  top" 1  6 

Coal,   No.  6 2  6 

Fire  clay^  with  dark  ferruginous  band  near  middle 3  6 

Shale,  gray   2  6 

Sandstone  in  somewhat  shattered  beds 3 

Shale,  light  bluish-gray,  arenaceous 23 

47 

Section  in  west  bank  of  Lick  Creek,  near  wagon  bridge,  in  NW. 

cor.  Sec.  SI,  Groveland  Township 

Thickness 
Ft.  in. 

Shale,  light  gray 6 

Clay,  structureless  'residuum  firm 1  2 

Shale,  dark  fissile,  with  gray  discontinuous  laminations 1 

Coal    2  9 

Clay     2 

Coal,  with  lenses  of  pyrite  near  middle 1  6 

Fire  clay,  greenish  gray 4 

16  7 

Careful  drilling  in  the  area  underlain  by  No.  6  coal  may  discover 
areas  in  which  the  coal  is  as  much  as  4  feet  thick.  However,  just  as 
in  southern  Peoria  County,  this  coal  very  commonly  is  overlain  by  a 
loose,  incoherent,  grayish  shale  called  "white  top"  which  is  very  hard 
to  hold  and  which  makes  mining  very  expensive,  and  also  cuts  out  a 
considerable  proportion  of  the  bed.  The  "white  top"  roof  has  been 
described  in  greater  detail  in  the  discussion  of  the  coal  resources  of 
Peoria  County. 
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MC  L£ANSBORO  FORMATION 

So  far  as  known,  the  rocks  of  the  McLeansboro  formation  are 
restricted  in  this  county  to  a  small  area  between  Pekin  and  East  Peoria. 
They  include  No.  7  coal,  which  has  a  thickness  of  14  to  18  inches 
and  lies  about  30  to  35  feet  above  No.  6  coal. 

The  lower  part  of  the  formation  which  constitutes  the  roof  of 
No.  6  coal  is  normally  dark  fissile  shale,  1  to  3  feet  thick,  or  gray  shale 
called  "white  top."  Commonly  the  black  or  gray  shale  is  overlain  by 
limestone  cap-rock,  1  to  4  or  5  feet  in  thickness.  Marly  or  calcareous 
shale  overlies  the  limestone  and  grades  upward  into  sandy  shale  or 
sandstone,  which  continues  nearly  to  No.  7  coal.  No.  7  coal  is  under- 
lain by  a  few  feet  of  underclay  and  shale. 

The  McLeansboro  formation  seems  to  have  been  eroded  down  to 
some  horizon  below  the  Lonsdale  limestone,  which  lies  .near  the  top  of 
the  section  on  the  west  side  of  the  river. 

MiNABLE  Coals  of  Tazeweij,  County 

The  coals  in  Tazewell  County  which  at  present  are  of  commercial 
importance  are  probably  only  No.  2  and  No.  5,  and  of  these  only  No.  5 
is  being  worked.  Very  little  is  known  about  No.  2,  but  its  persistence 
throughout  the  northern  part  of  the  State  is  a  basis  for  inferring  its 
presence  in  this  area.  No.  7  coal  is  apparently  too  thin  to  mine  at 
present  and  No.  6  unsatisfactory  because  of  its  irregular  character  and 
poor  roof.  Any  statement  in  regard  to  the  occurrence  and  distribu- 
tion of  No.  1  coal  and  the  possible  existence  of  coals  between  No.  1 
and  No.  2  is  pure  speculation.  It  follows,  therefore,  that  interest  is 
mainly  in  No.  2  and  No.  5  coals. 

NO.  2  COAL 

No.  2  coal  is  mined  extensively  in  the  Longwall  District  and  is 
found  in  the  northern  and  central  portions  of  the  Illinois  coal  field 
wherever  shafts  or  bore  holes  have  been  sunk  to  its  horizon.  Com- 
monly the  seam  is  about  30  inches  thick,  with  a  good  soapstone  roof, 
which  is  excellently  suited  for  Longwall  methods  of  mining.  As  a  rule 
it  has  no  seriously  detrimental  impurities  and  is  of  slightly  better  qual- 
ity than  higher  beds  in  the  same  locality.  It  is  believed  that  this  coal 
is  generally  present  in  this  county,  but  it  has  never  been  worked. 

NO.  5  COAL 

There  are  several  operations  in  No.  5  coal  in  Tazewell  County 
along  the  bluff  of  the  Illinois  between  East  Peoria  and  Pekin.    The 
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coal  has  the  same  general  characteristics  as  the  seam  in  the  Peoria 
district,  described  in  the  section  on  that  county.  The  distribution  of 
the  coal  is  limited  on  the  west  by  the  Illinois  valley,  and  in  the  other 
directions  by  pre-glacial  or  interglacial  erosion.  The  rock  surface 
slopes  rather  abruptly  to  the  north  at  Farm  Creek,  so  that  it  probably 
passes  below  the  level  of  the  coal;  and  although  it  slopes  somewhat 
less  abruptly  to  the  east  and  south,  still  the  grade  is  sufficient  to  cause 
the  rock  surface  of  the  central  and  eastern  parts  of  the  county  al?o  to 
be  probably  largely  below  the  horizon  of  No.  5  coal. 

The  coal  in  the  East  Peoria  region  is  locally  interrupted  by  sand- 
stone "faults"  especially  in  the  vicinity  of  Wesley.  These  sandstone 
"faults"  are  thought  by  the  writer  to  be  the  filling  of  channels  cut  into 
the  peat  deposit  shortly  after  its  deposition.  In  part  of  the  area  this 
same  body  of  sandstone  lies  but  a  short  distance  above  the  coal,  the 
base  of  it  forming  the  roof  of  the  coal  in  the  places  where  the  shale 
roof  which  is  generally  present  has  been  eroded. 

Mine  Notes 

The  following  detailed  description  of  conditions  in  a  few  of  the 
Tazewell  County  mines  will  serve  to  set  forth  the  general  character  of 
the  coal  and  of  the  mining  conditions  in  this  area. 

GROYELAND  COAL  MINING  COMPANY'S  MINE  NO.  1,  AT  EAST  PEORIA 

Entrance:     Shaft;  depth  to  No.  5  coal,  85  feet. 

Thickness  of  coal:  Varies  from  3  feet  to  4  feet  8  inches;  averages 
4  feet  4  inches. 

Sections  of  the  coal: 

Sections  of  No.  5  coal  in  Mine  No,  1  of  the  Groveland  Coal 

Mining  Company 

Section  1 — Room  1  off  Sd  stub  off  the  6th  east  entry 

Thickness 
Ft.  in. 

Roof:     Black  fissile  shale 

Coal  with  thin  streaks  of  clay  and  mother  coal 4  3 

Floor :     Underclay   

4  3 
Section  2 — Room  6  off  the  10th  east  entry 

Thickness 

Ft.  in. 

Coal   1  5 

Pyrite  (brown  "sulphur")    1% 

Coal    2  IOV4 


2S4  •  COAL  RESOURCBS  OP  DI8TRICT  IT 

Oiaracter  of  the  coal:  The  coal  lies  as  a  sin^e  bench  without  per- 
sistent partings.  The  thin  bands  of  clay  and  mother  coal,  generally 
present  in  the  face,  are  rarely  more  than  V*  inch  in  thickness,  are  not 
persistent  at  any  one  place,  and  not  very  important  as  impurities.  On 
the  east  side  of  the  mine  pyrite  bands  of  "brown  sulphur"  are  commonly 
found  near  the  horsebacks.  These  are  generally  about  1%  inches  thick 
and  may  be  4  to  5  feet  in  length.  They  appear  to  be  intimate  interlamina- 
tions  of  pyrite  and  carbonaceous  material. 

The  coal  is  practically  uniform  in  thickness,  the  only  departures  from 
uniformity  being  near  the  "horsebacka"  or  clay  slips.  Where  these  frac- 
tures occur  the  coal  is  usually  slightly  displaced,  the  bed  on  one  side  of 
the  fracture  being  somewhat  lower  than  it  is  on  the  other  (see  fig.  30). 


•kA.u 


Fig    30.— Sketch  of  a  "horseback"  in  t 
Mining  Company's  No.  1  n 

Commonly  the  fracture  la  at  a  fairly  acute  angle  with  the  horizon  of  thu 
bed,  so  that  the  roof  on  the  downthrow  side  is  much  nearer  the  door  than 
under  normal  conditions.  Similarly,  the  floor  on  the  opposite  side  of  the 
fracture  ia  nearer  the  roof  than  usual.  However,  the  floor  does  not  com- 
monly rise  as  high  as  the  roof  is  down-faulted,  there  apparently  being 
some  compensation  either  in  the  coal  or  in  the  adjacent  strata.  These 
phenomena  in  the  roof  and  floor  are  spoken  of  as  "rolls." 

The  cool  on  the  east  side  of  the  mine  is  badly  fractured,  but  the 
fractures  are  not  so  generally  filled  with  clay  as  they  are  elsewhere. 
Instead,    pyrite-filled   cracks,  called    "spar"   by   miners,    are   the   common 
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thing:.  Although  rarely  more  than  V4  inch  thick,  they  are  very  hard  to 
drill  so  that  the  miners  do  not  like  to  work  in  the  part  of  the  mine  where 
they  are  common.  Furthermore,  there  are  cracks  (*'blind  slips")  which 
penetrate  the  coal  and  pass  up  into  the  roof  but  in  a  fresh  face  are  not 
discernable,  and  which  produce  an  extremely  treacherous  roof  that  is 
practically  impossible  to  control. 

Character  of  the  roof:  Incidental  to  the  preceding  description  of  the 
coal  some  mention  has  been  made  of  certain  difficulties  encountered  in 
the  roof  of  this  mine.    Other  characteristics  may  be  mentioned. 

The  massive  sandstone  which  lies  a  short  distance  above  the  coal 
throughout  much  of  this  area  as  well  as  the  area  south  of  Peoria  on  the 
west  side  of  the  Illinois,  is  exposed  above  the  coal  in  a  number  of  places 
in  this  mine.  The  sandstone  has  a  very  irregular  base  and  accordingly 
lies  at  various  heights  above  the  coal,  in  places  very  close  to  the  bed  or 
even  resting  on  it.  Apparently  there  are  no  places  where  the  sandstone 
cuts  out  the  coal,  though  this  condition  is  reported  to  have  existed  in  an 
old  mine  a  bhort  distance  to  the  north. 

The  usual  roof  is  black  shale,  8  to  14  inches  thick,  with  clod  and 
limestone  above.  The  lower  2  inches  of  black  shale  or  ''slate"  is  called 
"draw  slate."  This  is  commonly  "frozen"  to  the  coal.  The  break  that 
takes  place  in  mining  near  the  top  of  the  bed  commonly  occurs  an  inch 
or  two  below  the  slate.  If  the  break  occurs  in  the  slate  so  that  the  "draw 
slate"  parts  from  the  overlying  shale,  the  material  that  is  left  lacks  co- 
herence and  is  difficult  to  keep.  In  this  mine  when  the  "draw  slate" 
comes  down  it  is  soon  followed  by  all  the  rest  of  the  material  up  to  the 
sandstone.  In  some  localities  in  the  mine  this  means  as  much  as  20  feet 
of  material. 

The  so-called  cap-rock  is  a  layer  of  fossiliferous  gray  limestone  2  to 
8  inches  thick  which  in  places  is  hard  but  more  commonly  is  shaly,  with  no 
supporting  strength.  The  clod  lying  between  the  black  shale  and  the 
"cap-rock"  is  a  massive,  dark  gray,  loosely  coherent  shale,  about  14  inches 
thick,  that  falls  readily.  Overlying  the  cap-rock  is  a  gray  shale  which 
continues  up  to  the  sandstone  a  distance  of  about  18  feet  or  less. 

Character  of  the  floor:  The  floor  is  underclay.  No  unusual  char- 
acteristics other  than  the  rolls  associated  with  the  horsebacks  were  noted. 

JOHNSTON    CITY    BIG    MUDDY    COAL    AND    MINING    COMPANY'S 

NO.  3  MINE,  AT  PEKIN. 

Entrance:     Shaft;  depth  to  the  top  of  No.  5  coal  205  feet. 

Thickness  of  coal:     Reported  to  average  4  feet  8  inches. 

Character  of  the  coal:  The  following  description  is  based  upon  in- 
formation obtained  from  the  mine  manager.  The  coal  has  not  been  seen 
by  a  Survey  member. 

The  coal  lies  in  a  single  bed,  without  benches.  The  few  discontinuous 
bands  of  "sulphur"*  near  the  horsebacks  and  the  little  hard  pyrite  balls 
and  lenses,  are  said  to  be  too  infrequent  to  seriously  damage  the  coal. 
Horsebacks  are  fairly  numerous  and  their  removal  entails  considerable 
waste. 

Character  of  the  roof:  The  roof  succession  consists  of  6  to  12  inches 
of  black  shale,  called  "slate,"  which  sticks  to  the  coal  so  that  presumably 
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either  a  few  inches  of  coal  is  left  in  the  roof  or  some  of  the  shale  comes 
down  with  the  coal.  Above  the  black  shale  is  about  12  inches  of  clod,  above 
which  there  is  commonly  6  to  8  inches  of  limestone.  This,  however,  is 
locally  absent.    A  thick  bed  of  shale  overlies  the  limestone. 

Character  of  the  floor:  Underclay  about  18  inches  thick.  Below 
the  clay  is  12  inches  of  limestone  which  in  turn  is  underlain  by  more  clay. 

The  general  characteristics  of  the  coal  in  this  mine  are  probably 
very  similar  to  those  of  the  coal  in  the  Tazewell  Coal  Company's  mine 
which  is  operated  on  an  adjacent  property. 

TAZEWELL  COAL  COMPANY'S  MINE  NO.   1,  AT  PEKIN 

Entrance:     Shaft;  162  feet  to  the  top  of  No.  5  coal. 
Thickness  of  coal:     Varies  from  about  4  feet  to  about  4  feet  10  inches; 
averages  4  feet  8  inches. 
Sections  of  the  coal: 

Sections  of  No.  5  coal  in  mine  of  the  Tazewell  Coal  Company 

Section  1 — Fa^e  of  second  entry  off  main  south 

Thickness 

Ft.  in. 

Roof:     Black  slate 

Coal,  fairly  clean  1  5% 

Pyrite    % 

Coal,  clean  and  bright  1  11^ 

Bone    % 

Coal,  fairly  clean  9 


4  3 

Section  2 — Fa^ie  of  room  5,  let  stubf  12th  east  off  south  entry 

Thickness 
FU  in. 

Roof:     Black  shale   

Coal,  left  up 3  to  4 

Coal,  clean   1% 

Mother  coal  and  pyrite  - % 

Coal,  very  dirty   4  1 

Floor :     Underclay    


•  • 


4  6 

Section  S — Face  of  room  16,  first  stub  east,  8th  south  off  east  entry 

Thickness 
Ft.  in. 

Roof:     Black  slate    

Coal,  slean,  bright  1  2% 

Pyrite  lens  : 2% 

Coal,  clean,  bright    8 

Mother  coal,  soft   H 

Coal,  fairly  clean  and  bright 2  3H 

Floor:     Underclay    


•  • 
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Character  of  the  coal:  The  coal  ties  in  a  single  bed  with  no  benches, 
but  contains  discontinuous  streaks  of  clay  and  mother  coal,  and  near  the 
horsebacks  or  clay  slips  lenses  of  pyrite  are  common.  There  is  some  cal- 
cite  along  the  joints  faces.  "Horsebacks"  are  numerous  and  commonly 
so  impregnated  with  pyiite  that  they  are  very  hard.  Fig.  31  is  a  repro- 
duction of  a  sketch  of  a  horseback.  It  will  be  observed  that  the  clay  vein 
plays  out  in  the  overlying  shale  into  a  number  of  cracks  and  that  the 
underclay  has  been  squeezed  a  short  distance  upward  into  the  fracture. 
At  the  veins  the  cap-rock  commonly  shows  a  slight  displacement.     The 


Fig.  31. — Sketch  of  a  "horseback"  in  No.  G  coal  in  the  Tazewell  Coal  Com- 
pany's No.  1  mine  at  Pekin. 

side  of  the  fracture  in  the  coal  is  generally  irregular,  but  also  commonly 
shows  "smooths"  or  slickensides. 

Character  of  the  roof:  The  immediate  roof  is  dark  shale  or  "slate," 
8  to  12  inches  thick,  which  commonly  sticks  to  the  coal,  so  that  either  the 
upper  2  or  3  inches  of  coal  is  left  up  or  the  lower  2  or  3  inches  or  more  of 
the  shale  comes  away  with  the  coal.  This  makes  no  particular  difficulty. 
About  12  inches  of  clod  lies  between  the  black  shale  and  the  cap-rock.  The 
latter  is  a  limestone  which  is  solid  only  locally  and  then  is  about  8  inches 
thick. 

Character  of  the  floor:  The  underclay  is  about  12  inches  thick.  It 
becomes  hard  12  inches  below  the  coal,  but  the  upper  part  heaves  badly  in 
the  air,  and  especially  wnen  it  is  wet. 
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of  51,  55,  56 

in  District  IV 

41-42,  75,  149,  178,  214 

mine  notes  for 181-182 

roof  of 75,  178 

No.  8  coal 42-43,  208,  214-216 

No.  9  coal? 44 

O 

Oil    and    gas    possibilities    in 

Fulton  County 83-84 

Oneida,  No.  6  coal  near 107 

Orbiculoidea  nUssouriensis  .22^  206 
Orchard  Mines,  description  of 

mines  near. .197-198,  200-201 

No.  2  coal  at 200 

Orchard  shaft,  log  of 158 

P 

Parnell,  thickness  of  drift  at.     68 

Peabody  Coal  Company,  mine 

No.  6,  description  of 

61,   218-219 

Peerless  Coal  Company's  mine, 

description  of  217-218 

Pekin,  description  of  mines  at 

235-236,   237 

log  of  boring  southeast  of. .  228 
McLeansboro  formation  at.  232 

No.  2  coal  at 229 

No.  5  coal  at 230 

No.  6  coal  at 231 

No.  7  coal  at 232 

Pendergast    Brothers'   mine, 

description  of  116 

Pennsylvanian  system,  general 

description  of   17-44 

subdivisions  of   20 
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Peoria,  channel   sandstones 

near 17a-174 

description  of  mines  at. . . . 

191-193,   195-197 

thickness  of  Pottsville  near.     30 

Peoria  County,  Carbondale 

formation  in   33 

channel  sandstones  of. . .  165-175 
character    of    McLeansboro 

formation   in 36 

chemical  character  of  coals 

of 50,  51,  54,  55 

coal  resources  of 155-202 

geology  of  155-180 

limestone  above  No.  6  coal 

in    41 

log  of  boring  in 156-158 

Lonsdale  limestone  in 42 

McLeansboro  formation  in. 

176-179 

mine  notes  from 181- 

182,  184-186,  191-199,  200-202 

No.  1  coal  in 202 

No.  2  coal  in 199-200 

No.  5  coal  in 34,  186-191 

No.  6  coal  in 175 

No.  7  coal  in 42,  180-181 

production  of  coal  in 155 

shipping  mines  in 60,  155 

variegated  shale  below  No. 

7  coal  in  41 

Petersburg,      description      of 
mine  at 151 

"Petersburg"    formation,    8ee 
Carbondale  formation 

Pleasant  View,  No.  2  coal  near  225 
No.  5  coal  near 225 

Pottstown,  description  of  mine 

at   201-202 

log  of  mine  shaft  at 156 

No.  1  coal  at 202 

No.  2  coal  at 199 

Pottsville    formation,    correla- 
tion of  by  means  of  fossi 

plants    . . : 31 

description  of 

20-51,  158-160,  205,  229 

Pre-glacial    valleys,    influence 

of  on  mining 

14,  161-163,  179-180 

Prentice,  log  of  boring  near. .     66 

Princeville,  description  of  mine 

at   185-186 


R  PAGE 

Ralls  Ford  shale  member 207 

Ripley,  No.  2  coal  at 225 

Riverton,  description  of  mine 

at  220-221 

Rock     Creek     limestone,     see 
Lonsdale  limestone 

Rock   Island  district,   average 
analysis  of  coals  of 56 

"Rolls"  in  No.  5  coal 88-90 

Roof,  No.  1  coal  Fulton  County 

80-81,  105 

No.  2  coal....  105,  161,  200,  232 
No.  5  coal .  67,  78,  79,  87,  163, 

188-191,  213,  225,  230-231,  233 
No.  6  coal,  Peoria  County. . 

176-177,    182-183 

No.  7  coal,  DeWitt  County. 

75,    178 

see  also  Mine  notes  for  the 

various  coals 
Rushville,  No.  5  coal  near. 224-225 

S 

St.  David,  description  of  mine 

at  93-94 

St.  Peter,  distribution  of 18 

Saline  County,  average  analy- 
ses of  coals  in 56 

Sangamon    County,    anticlinal 

structure  in 209 

Carbondale  formation  in . . . 

205-207 

chemical  character  of  coals 

of  51-52,  54,  55 

coal  resources  of 203-223 

geology  of   203-208 

limestone  above  No.  6  coal 

in   41 

log  of  boring  in 20-24 

Lonsdale  limestone  in 42 

McLeansboro  formation  in. 

207-208 

mine  notes  from 216-223 

No.  6  coal  in 214 

No.  7  coal  in 214 

No.   8   coal   in 42,   214-216 

Pof^sville  formation  in 205 

production  of  coal  in 203 

shipping  mines  in 60-61,  203 

structure  of 208-210 

thickness  of  coals  in 215 

thickness  of  drift  in 204 

variegated   shale  below  No. 

7  coal  in ^     41 
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Sangamon  Goal  Company,  No. 

2  mine,  description  of 

61,   219-220 

No.  3  mine,  description  of. . 
61,   216-217 

Sangamon  County  Mining 
Company,  Jefferson  mine, 
description  of 220 

Sargent  farm,  log  of  boring 
on 112 

Savage,  T.  E.,  assistance  of..     11 

Saybrook,  Carlinville  lime- 
stone at   44 

iden'^iiication  of  coals  near.  132 

log  of  boring  near 129-130 

No.  7  and  No.  8  coals  near.     43 

Schuyler   County,   chemical 

character  of  coals  of.  52,  54,  55 

coal  resources  of 224-225 

geology  of   224-225 

mines  in   224 

production  of  coal  in 224 

Selbvtown,  description  of  mine 
at   223 

Shelbyville  moraine,  descrip- 
tion of 13-14 

Sherman,  description  of  mine 

at   218-219 

Shoal  Creek  limestone 44, 139 

Silver  Creek  Colliery  Com- 
pany, No.  1  mine,  descrip- 
tion of   59,  102 

Simmons  Coal  Company,  mine 

at  Canton   59,  104 

Smith  farm,  log  of  boring  on .   109 

Snodgrass  farm,  log  of  boring 

on  108-109 

Soperville,  description  of  mine 

at   116 

South  Mountain  Coal  C  o  m  - 
pany*s  mine,  description 
of  151 

Springfield,  Carlinville  lime- 
stone at   43 

description  of  mines  at 

217-218,  219-220,  221-222,  223 

log  of  boring  near 20-24 

No.  5  coal  near 34 

No.  7  and  No.  8  coals  near. .     43 
thickness  of  Carbondale 

near    31,  34 

thickness  of  Pottsville  near.     30 
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Springfield  District  Coal  Min- 
ing Company,  Cora  (No. 
51 )  mine,  description  of. 
61,    220 

No.     52     mine,     description 
of 61,  220-221 

Woodside     (No.    53)     mine, 
description  of 61,  221-222 

No.  55  mine,  description  of 
61,    222-223 

Springfield-Peoria  dis'-rict,  av- 
erage analyses  of  coals  in     56 

Star  Coal  Company,  mine  No. 

1,  description  of.  ..59,  99-100 
mine  No.  3,  description  of. . 
59,    100-101 

Steames,  description  of  mine 

at   219-220 

Structure  of  District  IV  as  a 

whole 57 

see  also  under  County  hecLd- 
ings 

Sugar  Creek,  workings  of  No. 

8  coal  along 214 

T 

Tallula  Coal  Company's  mine 

at  Tallula,  description  of.  154 

Taylor  and  Sons'  mine 185-186 

Tazewell    County,    Carbondale 

formation  in   229-231 

channel  sandstone  in...  173,  230 
chemical  character  of  coals 

of  53,  54,  55 

coal  resources  of 226-237 

geology  of 226-232 

logs  of  borings  in 227,  228 

McLeansboro  formation  in.  232 

mine  notes  from 233-237 

mines  in   226 

No.  2  coal  in 228.  232 

No.  5  coal  in 232-233 

No.  6  coal  in 230-231,  232 

Pottsville   formation   in ... .  229 

production  of  coal  in 226 

shipping  mines  in 61 

thickness  of  drift  in 226 

Tazewell  Coal  Company,  mine 

No.  1,  description  of 

61,   23e-237 

Third    Vein    Coal    Company's 

mine,  description  of.. 200-201 
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Toluca,    Carlinville    limestone 

at   44 

log  of  borings  near.  .39,  40,  131 

Towns    15 

Transportation    15 

U 

Udden,  J,  A.,  assistance  of . . .     11 
Union    Fuel    Company,    mine 

No.  2,  description  of 61,  223 

mine  No.  4,  description  of. . 

60,    151-154 

mine  No.  5,  description  of. 

61,  223 

Upper  Mississippian,  see 
Chester 

V 

Variegated  shale  below  No.  7 

coal    41 

Virginia,  log  of  boring  near. 63-64 

W 

Walben  mine,  see  M.  E.  Case 
Coal  Company 

Walburg's  mine,  description..   115 

Wantling  mine,  see  Hoffman* s 
mine 
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Wapella,  thickness  of  drift  at    68 

Washington,  log  of  boring  at.  227 
No.  2  coal  at 229 

Wataga,    description   of   mine 

at   116 

No.  6  coal  near 107 

Waynesville,  thickness  of  drift 
at   68 

Wesley,     channel     sandstones 

near    173,  230 

Wheeler,  W.  F.,  assistance  of.   11 

White,    David,    paleobotanical 
work  of 31 

White,  K.  D.,  assistance  of . . .     11 

"White  top" 41,  176,  231 

origin  of 176 

see  also  Mine  njotes 

Williamson     County,     average 

analyses  of  coals  in 56 

Wolschlag    mine,     channel 

sandstones  near 173 


Young's  mine,  see  John  D. 
Young 
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ANALYSES  OF  ILLINOIS  COALS 

Compiled  by  G.  W.  Hawley 


INTRODUCTION 

A  study  of  the  chemical  character  of  Illinois  coals  based  on  new 
face  samples  collected  in  1921  from  approximately  100  mines  in  various 
parts  of  the  State  was  begun  with  a  view  to  extending  our  knowledge 
of  the  chemical  properties,  heating  quality,  and  special  adaptability  of 
all  Illinois  coals.  A  bulletin  will  be  issued  at  an  early  date  which  will 
present  the  conclusions  based  on  these  data,  but  it  seems  desirable  to 
publish  the  analytical  data  prior  to  the  complete  report.  The  analyses 
have  been  combined  with  data  previously  published  by  the  State  Geo- 
logical Survey^  ^  and  also  by  the  United  States  Bureau  of  Mines. 
References  to  the  bulletins  in  which  the  analytical  results  of  coal 
samples  collected  by  the  United  States  Bureau  of  Mines  have  been  pub- 
lished, are  indicated  throughout  the  tables  of  analyses  in  order  that  the 
detailed  descriptions  of  the  samples  may  be  consulted. 

ANALYTICAL  DATA 
Analyses  op  Mine  Samples 

Table  1,  which  gives  an  alphabetical  list  of  counties  including  the 
district  classification  (see  fig.  1)  and  the  coal  beds  for  each  county, 
serves  as  a  cross  reference. 

The  complete  analyses  of  mine  samples  grouped  by  coal  beds,  im- 
der  which  the  counties  represented  are  arranged  alphabetically,  are  given 
in  Table  2.  Analyses  having  the  same  index  number  are  of  samples  fo" 
a  single  mine.  Obviously,  not  as  much  dependence  can  be  placed  on  a 
single  analysis  from  a  given  mine  as  may  be  placed  on  a  group  from 
one  mine.  Two  sets  of  values  are  given  for  each  sample — one  including 
the  normal  or  coal-bed  moisture,  and  the  other  calculated  to  the  drv- 
coal  or  moisture-free  basis.  There  is  also  given  the  value  of  the  unit- 
coal  in  British  thermal  units  as  derived  by  the  formula  previously  ex- 
plained^. 


1.  Parr,   S.  W.,   Chemical  study  of  Illinois  coals:     111.   Miningr  Inver^tigations 
Bull.  3,   1916. 

2.  Parr,  S.  W,.  Purchase  and  sale  of  Illinois  coal  on  specification :    111.  State 
Geo!.   Surv.   Bull.   29.   1914. 


no.  1.— Districts  tor  claBslftcatlon  of  coal  sampleB 


In  Table  3  are  presented  the  average  analyses  and  heat  values  for 
separate  mines  and  by  counties  grouped  according  to  the  districts  shown 
in  figure  1. 

Table  1. — AlpTiabetical  arrangement  of  counties. 


County 


Coal  bed 


District 


County 


Coal  bed 


District 


Bond 

Bureau 

Calhoun 

Christian. . . 

Clinton 

Franklin 

Fulton 

GaUatin 

Grundy 

Jackson 

USalle 

Livingston.. 

Loican 

Maoon 

Maooupin... 

Madison 

Marion 

Marshall 

McDonough 


6 

VII 

2 

I 

2 

III 

1,  2.  6 

IV,  VII 

6 

VII 

6 

VI 

1.  5 

III,  rv 

5,  6 

V 

2 

I 

2,  6 

II.  VI 

2.  5,  7 

I 

2,  5 

I 

5 

rv 

5 

IV 

6 

VII 

6 

VII 

6 

VII 

2 

I 

2 

III 

McLean 

Menard 

Mercer 

Montgomery 

Moultrie 

Peoria 

Perry 

Randolph... 

St.  Clair 

Saline 

Sangamon... 

Schuyler 

Shelby 

Taaowell 

Vermilion... 
Washington. 

White 

Williamson.. 


2, 

5 

5 

1 

6 

6 

5 

6 

6 

6 

5 

5. 

6 

1. 

2 

6 

5 

6, 

7 

6 

6 

6 

rv 
rv 
III 

VII 
VII 

rrv 

VI,  VII 
VII 

vn 

V 
IV,  VII 

III 
vn 

IV 
VIII 

vn 

V 
VI 
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Tabi«b  2. — Analyses  of  mine  saanples  {not  exactly  indicative  of  commercial 

output). 


% 

Proximate  analysis  of  coal 
Ut:    "Ab  received."  with  total 

e 

% 

moisture 

0 

2nd :    ' ' Dry"  or  moisture  free 

^ 

I 

0 

1 

a 

»-4 

County 

i 

1 

1 
1 

S 

Volatile 
matter 

Fixed 
carbon 

< 

ft 
OQ 

8 

• 

■ 

0 

1 

a 

5229 

21 

7/12 

5230 

21 

7/12 

5231 

21 

7/12 

12469 

105 

3/21 

12470 

105 

3/21 

12471 

105 

3/21 

5338 

19 

8/12 

5339 

19 

8/12 

5340 

19 

8/12 

6363 

19 

8/12 

5364 

19 

8/12 

5365 

19 

8/12 

5359 

18 

8/12 

5360 

18 

8/12 

5361 

18 

8/12 

5371 

17 

8/12 

5372 

17 

8/12 

Christian. 
Christian. 
Christian. 
Fulton... 
Fulton... 
Fulton... 
Mercer... 
Mercer... 

Mercer 

Mercer... 
Mercer... 
Mercer... 
Mercer. . . 
Mercer... 
Mercer. . . 

Mercer 

Mercer. . . 


5324' 

1 

8/12 

1 

'8i 

5325 

1 

8/12 

5326! 

1 

8/12 

5312 

10 

8/12 

Bureau. 


Bureau. 


No.  1 

Coal. 

11.27 
Dry 

38.68 
43.59 

40.55 
45.70 

9.50 
10.71 

2.07 
2.33 

.33 
.37 

11.52 
Dry 

38.78 
43.83 

41.01 
46.35 

8.69 
9.82 

2.42 
2.73 

.97 
1.10 

11.13 
Dry 

39.21 
44.12 

41.26 
46.43 

8.40 
9.45 

2.66 
2.88 

.61 
.69 

11.38 
Dry 

38.66 
43.62 

39.51 
44.58 

10.45 
11.80 

4.52 
5.10 

.87 
.98 

11.42 
Dry 

38.17 
43.09 

40.07 
45.24 

10.34 
11.67 

4.76 
5.37 

.45 
.51 

10.84 
Dry 

38.42 
43.09 

40.91 
45.88 

9.83 
11.03 

5.61 
6.29 

.54 
.61 

13.23 
Dry 

40.29 
46.43 

37.20 
42.88 

9.28 
10.69 

4.37 
5.04 

.41 
.47 

15.24 
Dry 

37.66 
44.44 

35.73 
42.15 

11.37 
13.41 

4.80 
5.66 

1.47 
1.73 

15.15 
Dry 

39.06 
44.44 

38. 48 
42.15 

7.31 
14.41 

3.30 
5.66 

.17 
1.73 

14.97 
Dry 

38.27 
46.03 

37.07 
45.36 

9.69 
8.61 

3.75 
3.89 

.33 
.19 

14.46 
Dry 

40.42 
44.99 

35.33 
43.61 

9.79 
11.40 

4.23 
4.95 

.69 
.43 

14.07 
Dry 

39.95 
47.24 

34.01 
41.32 

11.97 
11.44 

4.55 
4.94 

.78 
.59 

14.58 
Dry 

39.49 
46.49 

36.82 
39.59 

9.11 
13.92 

5.60 
5.29 

.15 
.91 

15.07 
Dry 

38.14 
46.23 

37.44 
43.09 

9.35 
10.68 

4.85 
6.56 

.34 
.18 

14.10 
Dry 

39.60 
44.91 

36.73 
44.01 

9.57 
11.02 

3.92 
5.71 

.23 
.38 

17.75 
Dry 

39.50 
48.03 

34.61 
42.08 

8.14 
9.89 

5.53 
6.72 

.86 
1.05 

17.50 
Dry 

38.78 
47.00 

33.66 
40.80 

10.06 
12.20 

4.51 
5.46 

.29 
.35 

11445 
12898 

'14660 

11648 
13163 

14707 

11715 
13183 

14779 

11436 
12905 

"14979 

11409 
12880 

14984 

11554 
12959 

14939 

11104 
12797 

14641 

10353 
12214 

"14478 

11252 
12214 

"14478 

9637 
13260 

"i4766 

10780 
12749 

14712 

10525 
12603 

14551 

10894 
12247 

14604 

10790 
12754 

'14642 

10956 
12705 

'14618 

10435 
12687 

"14378 

10238 
12409 

14372 

Bureau. 


Bureau. 


No.  2  coal. 

2 

16.65 
Dry 

36.66 
43.99 

38.58 
46.29 

8.11 
9.72 

3.40 
4.07 

.67 
.80 

10740 
12884 

2 

15.08 
Dry 

40.12 
47.26 

36.35 
42.80 

8.45 
9.95 

3.68 
4.33 

.91 
1.07 

10831 
12754 

2 

16.83 
Dry 

36.54 
43.93 

39.19 
47.12 

7.44 
8.95 

2.64 
3.17 

.89 
1.07 

10788 
12970 

2 

14.88 
Dry 

38.69 
45.45 

37.25 
43.76 

9.08 
10.79 

3.83 
4.50 

1.07 
1.25 

10685 
12553 

14533 
i443i 
14463 
14357 
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Table  2. — Analyses  of  mine  samples  (not  exactly  indicative  of  commercial 

output) — Continued. 


u 
9 

a 


o 

s 


5313 

5314 

5348 

5349 

5350 

2841 

5205 

5206 

5207 

5367 

5368 

5369 

5373 

5374 

5377 

5375 

5376 

5378 

5225 

5226 

5228 

5248 

5249 


S 

C 

s 

a 


S 

& 


CJounty 


10 

8A2 

10 

8/12 

8 

8/12 

8 

8/12 

8 

8/12 

130 

7/09 

21 

7/12 

21 

7/12 

21 

7/12 

6 

8/12 

6 

8/12 

6 

8/12 

5 

8/12 

5 

8/12 

5 

8/12 

8/12 

8/12 

8/12 

14 

7/12 

14 

7/12 

14 

7/12 

13 

7/12 

13 

7/12 

Bureau. 


Bureau. 


Bureau. 


Bureau. 


Bureau. 


Calhoun. 


Christian. 


Christian. 


Christian. 


Grundy. 


Grundy. 


Grundy. 


Grundy. 


Grundy. 


Grundy. 


Grundy. 


Grundy. 
Grundy. 


Jackson. 


Jackson. 


Jackson. 


Jackson. 


Jackson. 


s 

o 


Proximate  analysis  of  coal 
Ist :  "As  received, ' '  with  total 

moisture 
2nd:  **Dry"  or  moisture  free 


i 


tile 
tter 

J 

l§ 

P 

> 

fe 

« 


h 

0 
M 

• 

:3 

a 

CI 

m 
4il 

3 

8 

A 

a 


2 

17.43 
Dry 

38.07 
46.10 

39.44 
47.76 

5.06 
6.14 

2 

16.07 
Dry 

39.68 
47.28 

38.36 
45.71 

5.89 
7.01 

2 

15.19 
Dry 

39.67 
46.78 

38.69 
45.60 

6.45 
7.62 

2 

17.34 
Dry 

37.12 
44.90 

39.28 
47.52 

6.26 
7.58 

2 

16.97 
Dry 

38.66 
46.56 

34.83 
41.95 

9.54 
11.49 

2 

10.62 
Dry 

38.13 
42.67 

39.65 
44.36 

11.60 
12.97 

2 

12.07 
Dry 

39.36 
44.77 

41.91 
47.66 

6.66 
7.57 

2 

12.53 
Dry 

38.00 
44.12 

40.62 
46.44 

8.25 
9.44 

2 

14.30 
Dry 

39.54 
46.14 

40.30 
47.02 

5.86 
6.84 

2 

19.97 
Dry 

38.16 
47.68 

37.45 
46.79 

4.42 
5.53 

2 

18.95 
Dry 

37.60 
46.39 

38.23 
47.16 

5.22 
6.45 

2 

19.66 
Dry 

37.01 
46.06 

38.16 
47.50 

5.17 
6.44 

2 

17.29 
Dry 

38.61 
46.68 

36.69 
44.36 

7.41 
8.96 

2 

13.73 
Dry 

39.87 
46.22 

42.19 
48.90 

4.21 
4.88 

2 

17.01 
Dry 

39.48 
47.57 

36.74 
44.27 

6.77 
8.16 

2 

16.84 
Dry 

38.37 
46.13 

41.19 
49.53 

3.60 
4.34 

2 

15.81 
Dry 

39.28 
45.48 

39.77 
47.24 

6.13 
7.28 

2 

16.23 
Dry 

38.71 
46.22 

40.61 
48.47 

4.45 
5.31 

2 

7.72 
Dry 

35.09 
38.02 

48.56 
52.62 

8.63 
9.36 

2 

8.77 
Dry 

32.78 
35.93 

50.58 
55.44 

7.87 
8.63 

2 

9.18 
Dry 

34.70 
38.20 

51.58 
56.80 

4.54 
5.00 

2 

9.88 
Dry 

33.23 
36.87 

52.43 
58.18 

4.46 
4.95 

2 

10.91 
Dry 

33.51 
37.61 

51.20 
57.47 

4.38 
4.92 

2.68 
3.25 

2.96 
3.53 

2.20 
2.62 

2.80 
3.38 

2.25 
2.71 

4.96 
5.55 

3.74 
4.26 

3.67 
4.22 

2.00 
2.33 

1.82 
2.27 

2.46 
3.04 

2.03 
2.53 

2.87 
3.47 

2.04 
2.37 

3.32 
4.00 

1.74 
2.09 

2.30 
2.73 

2.47 
2.94 

2.01 
2.18 

2.00 
2.19 

.60 
.66 

.70 
.77 

1.14 
1.28 


.52 
.63 

.57 
.63 

.99 
1.17 

.49 
.59 

2.29 
2.91 


.07 
.09 

.31 
.35 

.24 
.28 

.65 
.79 

.64 
.79 

.83 
1.03 

1.44 
1.74 

1.47 
1.71 

1.05 
1.27 

.04 
.05 

.24 
.28 

.32 
.38 

.29 
.31 

.02 
.03 

.05 
.06 

.33 
.36 

.20 
.23 


11070 
13407 

11216 
13363 

11206 
13213 

11006 
13314 

10397 
12522 

11224 
12557 

11776 
13393 

11389 
13020 

11609 
13544 

10936 
13664 

10787 
13309 

10734 
13360 

10708 
12947 

11787 
13662 

10834 
13055 

11508 
13838 

11212 
13318 

11461 
13683 

12248 
13272 

12253 
13430 

12762 
14040 

12709 
14103 

12503 
14034 


14462 


14571 


14480 


14612 


14386 


14806 


14730 


14641 


14702 
14603 


14400 


14337 


14447 


14466 


14446 


14583 


14545 


14610 


14839 


14885 


14867 


14926 
14863 


J 
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Table  2. — Analyses  of  mine  samples  (not  exactly  indicative  of  commercial 

output) — Continued. 


mm 

B 

G 


S 

d 

M 

e 
a 


County 


Proximate  analysis  of  coal 
1st:    "Aa  received,"  with  total 
moisture  ' 

2nd:    "Dry"  or  moisture  free 


9 
« 
O 


o  B 

> 


G 
O 


P>4 


9 

"a 

00 


ci 

o 
o 


0 


i  8 


a 


5250 
5351 
5252 
5253 
5496 
5497 
5498 
5286 
5287 
5288 
12662 
12663 
5388 
5389 
5390 
5306 
6307 
5311 
5351 
5352 
5353 
84450 
84451 


13 


12 


12 


12 


16 


16 


16 


15 


15 


15 


104 


104 


3 


0 


102 


102 


7/12  I  Jackson. 


7/12   Jarkson 2 


7/12 


7/12 


8/12 


8/12 


8/12 


8/12 


8/12 


6/21 


6/21 


8/12 


8/12 


8/12 


8/12 


8/12 


8/12 


8/12 


8/12 


8/12 


3/22 


3/22 


Jackson. 


Jackson. 


Jackson. 


Jackson. 


8/12   Jackson. 


Jackson. 


Jackson . 


Jackson. 


Jackson. 


USalle. 


LaSaile. 


LaSalle. 


LaSalle. 


USalle. 


LaSalle. 


LaSalle. 


USalle. 


USalle. 


USalle. 


USalle. 


Jackson 2 


2 


9.76 
Dry 

33.45 
37.06 

52.07 
57.71 

4.72 
5.23 

9.51 
Dry 

33.13 
36.62 

52.12 
57.59 

5.24 
5.79 

9.37 
Dry 

33.39 
36.48 

49.29 
54.38 

7.95 
8.78 

9.99 
Dry 

32.51 
36.12 

51.88 
57.63 

5.62 
6.25 

9.25 
Dry 

34.67 
38.20 

50.53 
55.68 

5.55 
6.12 

9.56 
Dry 

34.52 
38.16 

50.47 
55.83 

5.45 
6.01 

9.20 
Dry 

34.48 
37.97 

50.54 
55.66 

5.78 
6.37 

8.32 
Dry 

35.28 
38.49 

51.10 
55.74 

5.30 
5.77 

8.86 
Dry 

35.00 
38.40 

49.74 
54.57 

6.40 
7.03 

8.91 
Dry 

34.03 
37.36 

53.17 
58.37 

3.89 
4.27 

4.56 
Dry 

37.90 
39.71 

44.23 
46.35 

13.31 
13.94 

4.57 
Dry 

34.75 
36.41 

46.22 
48.41 

14.49 
15.18 

14.22 
Dry 

39.49 
46.03 

36.94 
43.06 

9.35 
10.91 

15.16 
Dry 

40. 13 
47.32 

38.10 

44.88 

6.61 
7.80 

14.43 
Dry 

40.01 
46.75 

35.89 
41.94 

9.67 
11.31 

14.29 
Dry 

41.35 
48.24 

38.73 
45.18 

5.63 
6.58 

16.05 
Dry 

37.03 
44.11 

37.06 
44.16 

9.86 
11.73 

14.82 
Dry 

40.93 
48.05 

35.20 
41.33 

9.05 
10.62 

16.52 
Dry 

38.88 
46.57 

36.50 
43.72 

8.10 
9.71 

17.77 
Dry 

39.05 
47.48 

34.15 
41.55 

9.03 
10.97 

18.06 
Dry 

39.02 
47.62 

32.94 
40.20 

9.98 
12.18 

14.5 
Dry 

36.0 
42.0 

41.7 
48.9 

7.8 
9.1 

14.0 
Dry 

34.9 
40.6 

43.2 
50.8 

7.9 
9.1 

1.08 
1.20 

.66 
.73 

2.11 
2.32 

.62 
.69 

1.41 
1.56 

1.32 
1.46 

1.44 

1.59 

1.39 
1.53 

1.69 
1.85 

1.15 
1.26 

6.62 
6.94 

7.63 
8.00 

4.46 
5.20 

2.99 
3.51 

4.47 
5.23 

2.09 
2.44 

4.35 
5.18 

3.42 
4.02 

2.87 
3.44 

3.92 
4.76 

2.74 
3.34 

3.5 
4.1 

2.3 
2.7 


.51 
.56 

.94 
1.03 

.94 
1.03 

.20 
.22 

.13 
.14 

.27 
.30 

.19 
.21 

.19 
.21 

.07 
.08 

.07 
.08 

.03 
.03 

.04 
.04 

.80 
.93 

.64 
.70 

1.03 
1.21 

.19 
.22 

.59 
.70 

.99 
1.17 

1.02 
1.22 

1.25 
1.62 

}  2.20 
2.69 

.67 
.79 

.00 
1.04 


12629 
13996 

12500 
13814 

11972 
13208 

12306 
13673 

12528 
13804 

12483 
13781 

12481 
13746 

12671 
13822 

12436 
13645 

12844 
14101 

11886 
12106 

11670 
12229 

10887 
12691 

11147 
13138 

10678 
12476 

11487 
13401 

10459 
12458 

10760 
12632 

10686 
12800 

10279 
12500 

10209 
12460 

11130 
13010 

11240 
13070 


14874 


14758 
14671 
14686 
14834 


14811 
14814 
14791 
14830 
14823 


14021 
14034 


14562 


14458 


14404 


14504 


14440 


14401 


14412 


14334 


14460 


15564 
14584 
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Table  2. — Analyses  of  mine  samples  (not  exactly  indicative  of  cowrmercial 

output) — Continued. 


J 

a 

a 

I 

3 


1 

0 

1 

o 

^ 

A 

Q 

County 


Proximate  analysis  of  coal 
1st :    "As  recseived,"  with  total 

moisture 
2nd:    "Dry"  or  moisture  free 


i 

.a 

o 


.-I  o 


^ 

• 

M 

7» 

CO 

8 

■ 

iS 


84452 

102 

3/22 

10264 

103 

9/17 

10263 

103 

9/17 

1741 

iB.M. 

6/05 

1742 

iB.M. 

6/05 

1779 

»B.M. 

6/05 

5367 

4 

8/12 

5356 

4 

8/12 

5358 

4 

8/12 

5412 

11 

8/12 

5413 

11 

8/12 

5414 

11 

8/12 

5232 

22 

7/12 

5233 

22 

7/12 

5234 

22 

7/12 

0728 

213 

11/16 

9729 

213 

11/16 

5426 

100 

8/12 

6427 

100 

8/12 

5428 

100 

8/12 

5429 

100 

8/12 

5430 

100 

8/12 

LaSalle. 


LaSalle. 


LaSalle. 


USalle. 


USalle. 


LaSalle. 


Marshall. 


Marshall. 


Marshall. 


Marshall. 


Marshall. 


Marshall. 


McDonough. 


McDonough 


McDonough 


McDonough. 


McDonough... 


McLean. 


McLean. 


McLean. 


McLean. 


McLean. 


2 

15.7 
Dry 

33.9 
40.2 

2 

12.61 
Dry 

38.89 
44.51 

2 

12.19 
Dry 

39.92 
45.47 

2 

13.87 
Dry 

37.26 
43.26 

2 

15.55 
Dry 

36.21 
42.88 

2 

12.39 
Dry 

36.89 
42.11 

2 

16.46 
Dry 

38.48 
46.06 

2 

16.79 
Dry 

36.81 
44.23 

2 

17.54 
Dry 

37.42 
45.37 

2 

12.92 
Dry 

41.69 
47.87 

2 

13.10 
Dry 

38.73 
44.56 

2 

13.82 
Dry 

41.34 
47.97 

2 

19.35 
Dry 

31.70 
39.35 

2 

16.46 
Dry 

33.94 
40.63 

2 

16.39 
Dry 

34.26 
40.97 

2 

14.89 
Dry 

35.48 
41.68 

2 

16.83 
Dry 

34.68 
41.71 

2 

10.13 
Dry 

45.00 
50.07 

2 

11.34 
Dry 

40.05 
45.17 

2 

10.61 
Dry 

41.87 
46.84 

2 

12.31 
Dry 

42.17 
48.09 

2 

12.00 
Dry 

42.00 
47.73 

41.9 
49.7 

42.36 
48.46 

40.18 
45.76 

38.56 
44.77 

40.66 
48.14 

41.80 
47.71 

38.27 
45.80 

40.34 
48.49 

40.11 
48.63 

37.60 
43.19 

39.64 
45.61 

35.88 
41.64 

40.61 
50.40 

42.46 
50.83 

41.36 
49.47 

40.75 
47.88 

39.79 
47.83 

35.92 
39.97 

39.18 
44.19 

35.94 
40.21 

38.03 
43.37 

37.96 
43.14 


8.5 
10.1 

6.14 
7.03 

7.17 
8.78 

10.31 
11.97 

7.68 
8.98 

8.92 
10.18 

6.79 
8.14 

6.06 
7.28 

4.93 
6.00 

7.78 
8.94 

8.63 
9.83 

8.96 
10.39 

8.34 
10.35 

7.14 
8.54 

7.99 
9.66 

8.88 
10.44 

8.70 
10.46 

8.96 
9.96 

9.43 
10.64 

11.68 
12.95 

7.49 
8.54 

8.04 
9.13 


4.0 
4.8 

2.66 
3.04 

2.66 
2.91 

3.44 
3.99 

3.01 
3.66 

3.92 
4.47 

2.91 
3.48 

2.59 
3.11 

2.19 
2.66 

2.38 
2.73 

3.47 
3.99 

3.28 
3.81 

2.31 
2.87 

1.71 
2.04 

2.04 
2.44 

3.78 
4.43 

3.04 
4.74 

3.27 
3.59 

3.18 
3.68 

3.79 
4.24 

2.69 
3.07 

2.37 
2.70 


,59 
,70 


.28 
.34 

.41 

.49 

.42 
.50 

.64 
.73 

.65 
.75 

.50 
.59 

.37 
.46 

.11 
.14 

.33 

.40 


.74 
.82 

.90 
1.01 

.92 
1.03 

.94 
1.07 

1.23 
1.40 


10800 
12800 

11892 
13608 

11667 
13289 

10985 
12766 


11399 
13012 

11162 
13360 

11130 
13375 

11273 
13669 

11697 
13319 

11414 
13134 

11296 
13106 

10392 
12898 

11064 
13246 

10977 
13130 

10969 
12887 

10628 
12778 

11710 
13029 

11394 
12861 

11226 
12567 

11636 
13270 

11634 
13220 


14528 


14830 


14780 
14792 


14743 


14764 


14620 


14703 
14836 


14832 


14901 


14606 


14660 


14726 


14678 


14565 


14723 


14643 


14762 


14722 
14759 


>  Lord,  N.  W.,  and  others,  Analyses  of  coals:    U.  S.  Bureau  of  Mines  Bull.  22,  pt.  1,  p.  86, 1913. 
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T-ABiM  2. — Analyses  of  mine  samples  (not  exactly  indicative  of  commercial 

output)  — Continued. 


a 

a 

I 


u 

9 

Xi 

a 

3 

0 

8 

^ 

•o 

« 

d 

1-4 

Q 

County 


Proximate  analysis  of  coal 
Ist:    "As  received/'  with  total 

moisture 
2nd:    *'Dry"  or  moisture  free 


I 

o 


II 

> 


§ 
I 


3 

• 

ja 

P 

0. 

n 

• 

•3 

8 

« 

I 


0 


5433 

100 

8/12 

3044 

«B.M. 
55 

3/06 

3045 

2B.  M. 
55 

3/08 

9709 

214 

11/16 

9708 

214 

11/16 

McLean. 


McLean.. 
McLean.. 
Schuyler. 
Schuyler. 


5283 

31 

8/12 

5284 

31 

8/12 

5285 

81 

8/12 

5296 

31 

8/12 

5298 

31 

8/12 

5342 

31 

8/12 

5293 

29 

8/12 

5297 

29 

8/12 

5300 

29 

8/12 

5292 

28 

8/12 

5295 

28 

8/12 

5299 

28 

8/12 

5342 

32 

8/12 

5343 

32 

8/12 

5344 

32 

8/12 

5345 

30 

8/12 

5346 

30 

8/12 

Fulton. 
Fulton. 
Fulton. 
Fulton. 
Fulton. 
Fulton. 
Fulton. 
Fulton. 
Fulton. 
Fulton. 
Fulton. 
Fulton. 
Fulton. 
Fulton. 
Fulton. 
Fulton. 
Fulton. 


2 


11.27 
Dry 

10.25 
Dry 

9  88 
Dry 

12.34 
Dry 

12.73 
Dry 


42.17 
47.53 

35.88 
39.98 

35.99 
39.93 

38.11 
43.48 

37.56 
43.04 


39.27 
44.25 

40.11 
44.69 

38.22 
42.42 

42.29 
48.24 

41.88 
47.99 


7.29 
8.22 

13.76 
15.33 

15.91 
17.65 

7.26 
8.28 

7.83 
8.97 


2.91 
3.28 

2.80 
3.12 

3.15 
3.50 

4.32 
4.92 

4.77 
5.46 


1.12 
1.26 


No.  5  Coal. 


11784 
13279 

11149 
12422 


11841 
13507 

11621 
13316 


14684 


15028 


15011 


5 

15.18 
Dry 

37.17 
43.82 

35.17 
41.45 

12.48 
14.73 

3.45 
4.07 

1.70 
2.00 

10201 
12026 

5 

16.94 
Dry 

35.68 
42.95 

37.15 
44.73 

10.23 
12.32 

2.98 
3.59 

1.81 
1.57 

10314 
12418 

5 

18.42 
Dry 

34.98 
42.88 

37.66 
46.15 

8.94 
10.97 

'2.33 
2.85 

.86 
1.06 

10270 
12587 

5 

16.82 
Dry 

37.28 
44.81 

33.45 
40.23 

12.45 
14.96 

2.84 
3.42 

1.69 
2.02 

10580 
12038 

5 

16.52 
Dry 

37.17 
44.52 

36.54 
43.78 

9.77 
U.70 

3.91 
4.69 

.81 
.97 

10894 
12451 

5 

17.37 
Dry 

35.71 
43.22 

37.86 
45.82 

9.06 
10.96 

2.34 
2.83 

1.14 
1.38 

10420 
12610 

5 

17.13 
Dry 

36.23 
43.72 

34.44 
41.55 

12.20 
14.73 

3.03 
3.66 

1.79 
2.16 

9846 
11882 

5 

16.59 
Dry 

35.98 
43.14 

37.20 
44.61 

10.23 
12.26 

4.07 
4.88 

1.77 
2.12 

10271 
12314 

5 

15.41 
Dry 

35.67 
42.16 

39.04 
46.15 

9.88 
11.69 

3.31 
3.92 

.52 
.61 

10579 
12505 

5 

17.39 
Dry 

37.00 
44^79 

35.69 
43.20 

9.92 
12.01 

2.74 
3.28 

1.14 
1.36 

10273 
12435 

5 

16.33 
Dry 

36.27 
43.34 

36.58 
43.72 

10.82 
12.94 

3.40 
4.06 

1.94 
2.32 

10246 
12247 

5 

16.33 
Dry 

36.75 
43.92 

38.02 
45.44 

8.90 
10.64 

2.69 
3.10 

1.02 
1.22 

10604 
12674 

5 

13.66 
Dry 

38.46 
44.54 

37.06 
42.92 

10.82 
12.54 

3.64 
4.22 

1.26 
1.46 

10689 
12379 

5 

14.53 
Dry 

37.46 
43.83 

38.35 
44.87 

9.66 
11.30 

3.18 
3.72 

1.60 
1.87 

10804 
12641 

5 

15.80 
Dry 

35.84 
42.56 

37.67 
44.74 

10.69 
12.70 

3.00 
3.57 

1.79 
2.12 

10460 
12423 

5 

16.36 
Dry 

33.91 
40.54 

38.19 
45.66 

11.54 
13.80 

2.93 
3.50 

1.27 
1.51 

10186 
12179 

5 

16.33 
Dry 

35.50 
42.42 

37.01 
44.23 

11.16 
13.35 

2.89 
3.45 

1.84 
2.20 

10220 
12213 

14924 

14441 

14446 

14371 

14479 

14409 

14398 

14252 

14354 

14443 

14416 

14371 

14421 

14462 

14525 

14520 

14431 

14389 


2  Ibid. 
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Table  2.- 


'Analyaea  of  mine  samples  (not  exactly  indicative  of  commercial 

output) — Continued. 


mm 

B 

a 

I 

3 


I 


a 

G 


I 


Conuty 


•S 


OS 

o 
O 


Proximate  analysis  of  coal 
1st:    "As  received,"  with  total 

moisture 
2nd:    "Dry"  or  moisture  free 


m 

o 


atile 
atter 

a 

■5| 

-oB 

.2  2 

> 

f»i 

(0 

< 


u 

:3 

• 

M 

9 

ft 

"a 

CO 

8 

I 

•FN 

c 


5347 

12442 

12443 

12444 

12445 

12446 

12447 

12448 

12472 

12473 

12474 

12475 

12476 

12477 

12430 

12440  I 

12441 

12459 

12460 

12461 

12462 

12463 

12464 


SO 

8/12 

no 

3/21 

111 

3/21 

111 

3;'21 

111 

3/21 

111 

3/21 

111 

3/21 

111 

3/21 

112 

3/21 

112 

3/21 

112 

3/21 

112 

3/21 

112 

3/21 

112 

3/21 

113 

3/21 

113 

3/21 

113 

3/21 

114 

3/21 

114 

3/21 

114 

3/21 

114 

3/21 

114 

3/21 

114 


3/21 


Fulton. 
Fulton. 
Fulton. 
Fulton. 
Fulton. 
Fulton. 
Fulton. 
Fulton. 
Fulton. 
Fulton. 
Fulton. 
Fulton. 
Fulton. 
Fulton. 
Fulton. 
Fulton. 
Fulton. 
Fulton. 
Fulton. 
Fulton. 
Fulton. 
Fulton. 
Fulton. 


5 

15.85 
Dry 

5 

15.43 
Dry 

5 

14.43 
Dry 

5 

15.00 
Dry 

5 

14.69 
Dry 

5 

14.52 
Dry 

5 

14.75 
Dry 

5 

14.28 
Dry 

5 

15.32 
Dry 

5 

15.09 
Dry 

5 

15.56 
Dry 

5 

14.56 
Dry 

5 

15.39 
Dry 

5 

15.66 
Diy 

5 

13.37 
Dry 

5 

14.44 
Dry 

5 

14.96 
Dry 

6 

14.67 
Dry 

5 

16.16 
Dry 

6 

13.35 
Dry 

5 

15.86 
Dry 

5 

14.34 
Dry 

5 

14.62 
Dry 

36.12 
42.92 

33.62 
39.76 

34.60 
40.43 

33.10 
38.04 

34.07 
39.94 

34.46 
40.31 

33.18 
38.92 

33.03 
40.75 

35.12 
41.48 

35.37 
41.66 

35.68 
42.26 

35.37 
41.40 

33.82 
39.97 

34.65 
41.08 

36.03 
41.59 

34.71 
40.57 

33.65 
39.57 

35.24 
41.25 

35.65 
42.52 

37.84 
43.67 

35.20 
41.84 

35.09 
40.96 

36.18 
42.38 


38.12 
45.30 

39.47 
46.67 

39.09 
45.69 

37.31 
43.89 

40.18 
47.09 

37.64 
44.04 

38.89 
45.62 

38.76 
45.22 

38.05 
44.  S3 

.39.41 
46.41 

38.92 
46.09 

38.08 
45.62 

38.77 
45.82 

37.56 
44.59 

39.03 
45.06 

38.58 
45.09 

39.96 
46.99 

39.58 
46.33 

37.89 
45.19 

39.86 
46.00 

37.32 
44.35 

36.72 
42.87 

3S.21 
45.92 


9.91 
11.78 

11.48 
13.57 

11.88 
13.88 

14.50 
17.17 

11.06 

12.97 

13.38 
15.65 

13.18 
15.46 

12.03 
14.03 

11.51 
13.59 

10.13 
11.03 

9.84 
11.65 

11.09 
12.98 

12.02 
14.21 

12.13 
14.38 

11.57 
13.35 

12.27 
14.34 

11.43 
13.44 

10.61 
12.42 

10.30 
12.29 

8. 95 
10.33 

11.62 
13.81 

13.85 
16.17 

9.90 
11.70 


3.36 
4.00 

2.50 
2.66 

2.82 
3.29 

3.38 
3.98 

2.83 
3.32 

2.91 
3.40 

3.70 
4.34 

2.56 
2.09 

2.59 
3.06 

2.68 
3.16 

2.43 
2.88 

2.72 
3.19 

3.40 
4.02 

2.93 
3.47 

3.06 
3.52 

2.17 
2.54 

4.32 
5.08 

2.89 
3.38 

2.50 
2.98 

2.22 
2.56 

3.49 
4.15 

3.84 

4.48 

2.43 
2.85 


1.47 
1.75 

1.41 
1.67 

2.45 
2.86 

2.86 
3.36 

1.75 
2.05 

2.74 
3.21 

1.54 
1.81 

1.98 
2.31 

1.41 
1.66 

1.79 
1.66 

1.33 
1.58 

1.38 
1.62 

1.67 
1.97 

1.88 
2.23 

1.46 
1.69 

1.80 
2.10 

1.11 
1.30 

1.00 
1.17 

1.56 
1.86 

1.77 
2.04 

1.31 
1.56 

2.47 
2.89 

1.49 
1.74 


10494 
12471 

10380 
12285 

10320 
12061 

9834 
11569 

10383 
12172 

10045 
11752 

9869 
11577 

10329 
12061 

10482 
12379 

10741 
12650 

10753 
12735 

10581 
12384 

10338 
12219 

10242 
12144 

10787 
12452 

10578 
12364 

10502 
12350 

10562 
12363 

10422 
12031 

10843 
12514 

10108 
12120 

9944 
11609 

10719 
12555 


14386 


14473 


14297 


14300 


14266 


14261 


14298 


14316 


14617 


14631 


14668 


14512 


14565 


14583 


14670 


14683 


14616 


14391 


14434 


14150 


14380 
14217 
14465 
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Table  2. — Analyses  of  mine  samples  (not  exactly  indicative  of  commercial 

output) — Continued. 


B 

9 

a 
I 


84406 

84407 

12436 

12437 

12438 

8440S 

84446 

84447 

84448 

4345 

4346 

5025 

5029 

5032 

5492 

5493 

5512 

5521 

5522 

5523 

5530 

12940 


« 
Xi 

s 

9 

a 

M 

« 

a 


& 


County 


115 
115 
116 
116 
116 
117 
118 
118 
118 


47 


47 


47 


135 


2/22 


Fulton. 


2/22  Tulton. 
3/21  Fulton. 
3/21    Fulton. 


3/21 
2/22 

3/22 
3/22 
3/22 
12/06 
12/06 
6/12 
6/12 
6/12 
8/12 
8/12 
8/12 
8/12 
8/12 
8/12 
8/12 
7/21 


Fulton.. 
Fulton.. 
Fulton.. 
Fulton.. 
Fulton.. 
Fulton.. 
Fulton.. 
Gallatin. 
Gallatin. 
Gallatin. 
Gallatin. 
Gallatin. 
Gallatin. 
Gallatin. 
Gallatin. 
Gallatin. 
Gallatin. 
Gallatin. 


Proximate  analysis  of  coal    ■ 

1st:    "As  received,"  with  toUl 

moisture  | 

2nd:    "Dry"  or  moisture  freci 


£ 

9 

■*» 
m 

o 


•oE 

> 


9 

"9 
03 


9 

o 

• 

o 

pq 

5 
5 
5 
5 


15.7 
Dry 

14.8 
Dry 

15.88 
Dry 


5  I  16.68 
Dry 

5  »  14.53 
'  Dry 


13.5 
Dry 

11.6 
Dry 

13.6 
Dry 

13.1 
Dry 

15.27 
Dry 

15.67 
Dry 

5.37 
Dry 

5.57 
Dry 

6.21 
Dry 

4.20 
Dry 

4.07 
Dry 

3.68 
Dry 

3.94 
Dry 

7.15 
Dry 

4.73 
Dry 

4.03 
Dry 

4.37 
Dry 


33.2 
39.3 

33.8 

39.7 

33.96 
40.37 

35.46 
42.56 

35.68 
41.74 

34.4 

39.8 

36.4 
41.1 

34.7 
40.2 

34.7 
39.9 

32.91 
38.84 

31.43 
37.28 

36.54 
38.62 

35.49 
37.59 

35.29 
37.61 

34.41 
35.92 

33.99 
35.43 

37.83 
39.26 

38.13 
39.70 

34.34 
36.99 

33.91 
35.59 

33.71 
35.13 

34.39 
35.96 


38.7 
46.0 

42.3 
49.6 

38.75 
46.07 

37.90 
45.49 

38.23 
44.73 

38.8 
44.8 

40.4 
45.7 

41.4 
47.9 

39.5 
45.4 

11.46 
48.93 

43.10 
51.11 

45.10 
47.65 

48.53 
51.39 

46.49 
49.57 

52.63 
54.92 

52.  £6 
55.21 

48.18 
50.02 

45.95 
47.82 

53.32 
57.42 

48.65 
52.12 

51.84 
54.01 

49.23 
51.48 


12.4 
14.7 

9.1 
10.7 

11.41 
13.56 

9.96 
11.95 

11.56 
13.53 

13.3 
15.4 

11.6 
13.2 

10.3 
11.9 

12.7 
14.7 

10.36 
12.23 

9.80 
11.61 

12.99 
13.73 

10.41 
11.02 

12.02 
12.82 

8.76 
9.16 

8.98 
9.36 

10.32 
10.72 

11.98 
12.48 

5.19 
5.59 

11.71 
12.29 

10.41 
10.86 

12.01 
12.56 


3.6 
4.3 

2.6 
3.1 

4.38 
5.21 

3.82 
4.58 

3.45 
4.04 

3.5 
4.1 

4.1 
4.6 

3.3 
3.8 

4.0 
4.7 

3.01 
3.55 

2.99 
3.55 

3.99 
4.22 

3.12 
3.31 

3.30 
3.52 

2.85 
2.97 

3.61 
3.76 

4.55 
4.73 

3.53 
3.67 

.84 
.90 

4.78 
5.02 

4.19 
4.37 

3.85 
4.03 


1.57 
1.86 

.75 
.88 

.92 
1.10 

.61 
.74 

1.00 
1.17 


.92 
1.04 

.83 
.97 

1.34 
1.54 


1.38 
1.45 

.78 
.83 

.87 
.93 

.01 

.01 

.03 
.03 

.04 
.04 

.03 
.03 

.03 
.03 

.04 
.04 

.02 
.02 

.35 
.37 


10270 
12180 

10950 
12860 

10330 
12280 

10464 
12559 

10606 
12411 

10410 
12040 

11070 
12510 

10950 
12670 

10690 
12310 


10620 
12593 

11883 
12558 

12338 
13066 

11938 
12728 

12997 
13566 

12975 
13526 

12818 
13307 

12449 
12058 

13035 
14038 

12429 
13045 

12783 
13319 

12270 
12631 


I 


d 


14511 


14649 


14569 
14579 


14679 


14589 


14758 
14673 
14808 


14519 
14966 


14953 


14903 


15164 


15186 


15078 


15117 


14970 
15240 


15250 


14995 


.    3  Ix>rd,  N.  W.,  and  others,  Analyses  of  coals:    V.  S.  Bureau  of  Mines  Bull.  22,  pt.  1,  p.  85, 1913. 
*  This  and  the  two  following  samples  are  from  the  *'  Ice  House"  coal  of  Kentucky  reports. 
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Table  2. — Analyses  of  mine  samples  (not  exactly  indicative  of  commercial 

output) — Continued. 


a 

a 
& 

e 
i 


Proximate  analysis  of  coal 
1st:    "As  received,"  with  total 

moisture 
2nd:    "Dry"  or  moisture  free 


t 

3 

I 


^ 

m 

A 

9 

0. 

n 

^ 

"3 

OQ 

8 

1 

0 


12941 


12942 


5391 


10519 
10S23 
10524 
10520 


5266 

81591 

815S2 

81593 

2881 

2882 

3003 

6200 


135 


135 


23425       'B.  M. 


215 
215 
215 
216 


10521 

216 

10522 

216 

5263 

33 

5264 

33 

33 


109 


109 


109 


•B.  M. 
37 

•B.  M. 

37 

•B.  M. 

37 

42 


7/21 


7/21 


8/12 


8/12 


8/18 


8/18 


8/18 


8/18 


8/18 


8/18 


8/12 


8/12 


8/12 


9/21 


9/21 


9/21 


2/06 


2/06 


2/06 


7/12 


Gallatin. 


Gallatin. 


11/15    Gallatin. 


8/12    LaSalle. 


LaSalle. 


LaSalle. 


Livingston. 


Livingston. 


Livingston. 


Livingston. 


Livingston. 


Livingston. 


Logan. 


Logan. 


Logan. 


Logan. 


Logan. 


Logan. 


Logan. 


Logan. 


Logan. 


Blaoon. 


5 

4.04 
Dry 

35.68 
37.18 

60.92 
53.06 

9.36 
9.76 

5 

3.49 
Dry 

36.09 
37.39 

50.54 
52.37 

9.88 
10.24 

5 

3.93 
Dry 

36.82 
38.33 

51.04 
53.12 

8.21 
8.55 

5 

15.52 
Dry 

41.56 
49.18 

32.57 
38.55 

10.35 
12.27 

5 

14.13 
Dry 

39.42 
45.90 

35.96 
41.89 

10.40 
12.21 

5 

14.64 
Dry 

43.01 
50.38 

34.25 
40.12 

8.10 
0.50 

* 

5 

10.22 
Dry 

36.56 
40.72 

42.14 
46.94 

11.08 
12.34 

5 

10.05 
Dry 

32.49 
38.12 

37.50 
41.80 

10.87 
22.08 

5 

7.95 
Dry 

38.03 
41.31 

43.65 
47.31 

10.47 
11.38 

5 

13.23 
Dry 

36.90 
41.71 

39.16 
45.13 

11.42 
13.16 

5 

14.03 
Dry 

36.36 
42.29 

39.60 
46.17 

0.92 
11.54 

5 

14.04 
Dry 

34.76 
40.44 

38.03 
44.24 

13.17 
15.32 

5 

14.64 
Dry 

37.87 
44.36 

35.56 
4L66 

11.93 
13.98 

5 

13.98 
Dry 

36.86 
42.84 

37.98 
44.16 

11.18 
13.00 

5 

13.99 
Dry 

36.85 
42.85 

38.17 
44.37 

10.00 
12.78 

5 

14.36 
Dry 

35.36 
41.29 

39.95 
46.65 

10.33 
12.06 

5 

13.70 
Dry 

35.46 
41.09 

40.38 
46.79 

10.46 
12.12 

5 

12.55 
Dry 

35.93 
41.09 

42.13 
48.17 

0.30 
10.74 

5 

14.77 
Dry 

32.90 
38.60 

39.75 
46.64 

12.58 
14.76 

5 

15.52 
Dry 

32.27 
38.20 

39.86 
47.18 

12.35 
14.62 

5 

15.68 
Dry 

32.41 
38.44 

39.82 
47.22 

12.09 
14.34 

5 

13.52 
Dry 

36.72 
42.46 

39.66 
45.86 

10.10 
11.68 

3.23 
3.37 

3.04 
3.15 

2.80 
2.91 

4.08 
4.83 

3.22 
3.75 

2.83 
3.32 

3.09 
3.44 

7.61 
8.46 

3.52 
3.82 

1.46 
1.69 

2.74 
3.18 

5.25 
6.11 

3.60 
4.22 

3.14 
3.65 

3.26 
3.79 

2.73 
3.19 

3.38 
3.92 

2.76 
2.16 

3.95 
4.63 

3.65 
4.32 

3.51 
4.16 

4.23 
4.95 


.24 
.24 

.18 
.18 


.27 
.34 

.96 
1.12 

.56 
.66 


1.10 
1.28 

L43 
1.67 

1.32 
L53 

1.20 
1.40 

1.11 
1.29 

.84 
.96 


,09 
,11 


12828 
13200 

12707 
13162 

13106 
13642 

10425 
12400 

10636 
12387 

10961 
12841 

11630 
12955 

10125 
11250 

12020 
13057 

10024 
125S0 

11124 
12939 

10502 
12216 

10400 
12183 

10549 
12264 

10519 
12230 

10790 
12599 

10813 
12530 

11160 
12772 

10406 
12200 


10337 
12260 

10646 
12443 


15066 


14012 


15134 


14384 


14303 


14415 


15077 


15151 


15026 
14738 


14800 


14871 


14497 


14391 


14313 


14595 


14553 


14643 
14687 


14656 
14405 


*  Fieldner,  A. 

•  Lord.  N.  W. 


C,  and  others,  Analyses  of  coal:    U.  S.  Bureau  of  Mines  Bull.  123, 
,  and  others,  Analyses  of  coals:    U.  S.  Bureau  of  Mines  Bull.  22,  pt. 


p.  34, 1918. 
l.p.  85. 1913. 


16 

T.\i:i.K  2. — Analyses  of  mine  snmvl'^s  (not  exactly  indicative  of  commercial 

output) — Continued. 


B 

a 
a 

>, 

fc. 

3 
g 


2 
B 

9 
B 
M 

c 


9 


County 


£ 
c 


Proximate  analvnis  of  coal 
let:    "Aa  received,"  with  total 

moisture 
2nd:    "Dry"  or  moisture  free 


9 

K 


c  c 
> 


c 
o 


< 


^ 

• 

JS 

7 

8 

■ 

8 


e 
U 


5201 

5202 

5244 

5245 

5346 

81595 

81596 

81597 

5190 

5191 

5192 

5431 

5432 

5434 

5289 

5290 

5291 

5303 

5304 

5305 

84560 

84561 

84562 


42 


42 


41 


41 


41 


123 


123 


34 


34 


100 


100 


100 


25 


25 


25 


26 


26 


26 


106 


106 


106 


7/12 


7/12 


7/12 


7/12 


7/12 


9/21 


9 '21 


123      9/21 


8/12 


34     7/12 


7/12 


8/12 


8/12 


8/12 


8/12 


8/12 


8/12 


8/12 


8/12 


8/12 


3/22 


3/22 


3/22 


Macon. 


Macon. 


Macon. 


Macon... 


Macon. 


Maoon. 


Macon. 


Macon. 


Menard. 


Menard. 


Menard. 


McLean. 


McLean. 


McLean. 


Pearia. 


Peoria. 


Peoria. 


Peoiia. 


Peoria. 


Peoria. 


Peoria. 


Peoria. 


Peoria. 


5 
5 


5 


13.62 
Dry 

14.36 
Dry 

14.76 
Dry 

14.54 
Dry 

14.14 
Dry 

13.10 
Dry 

12.67 
Dry 

12.71 
Dry 

16.29 
Dry 

15.44 
Dry 

20.27 
Dry 

12.88 
Dry 

13.34 
Dry 

13.73 
Dry 

14.23 
Dry 

14.54 
Dry 

16.00 
Dry 

16.00 
Dry 

14.23 
Dry 

14.76 
Dry 

13.5 
Dry 

15.1 
Dry 

11.6 
Dry 


37.72 
43.68 

38.06 
43.88 

35.46 
41.60 

36.33 
42.51 

36. 21 
42.18 

34.64 
39.86 

35. 75 
40.94 

35.98 
41.22 

36.66 
43.80 

36.38 
43.03 

34. 58 
43.37 

38.84 
44.58 

38.30 
41.30 

36.79 
42.64 

36.65 
42.73 

37.41 
43.77 

36.46 
43.41 

36.06 
42.93 

37.41 
43.62 

35.95 
42.18 

30.7 
35.5 

29.7 
35.0 

30.6 
34.6 


40.34 
46.70 

39.35 
45.37 

38.08 
44.67 

38.01 
44.47 

38.07 
44.34 

43.36 
49.90 

43.08 
49.33 

42.79 
49.02 

38.73 
46.26 

39.71 
46.96 

37.43 
46.94 

35.80 
41.09 

36.72 
42.37 

36.14 
41. 8d 

37.04 
43.18 

37.^2 
43.67 

37.28 
44.38 

37.54 
44.69 

37.36 
43.56 

35.34 

41.46 

45.5 
52.6 

45.8 
53.9 

43.1 
48.8 


8.32 
9.62 

3.39 
3.93 

.00 
.00 

9.33 
10.75 

3.87 
4.46 

.19 
.22 

11.70 
13.73 

3.24 
3.81 

.90 
1.06 

11.12 
13.01 

3.47 
4.06 

.68 

.79 

11.58 
13.48 

3.24 
3.77 

1.12 
1.31 

8.90 
10.24 

2.73 
3.14 

.21 
.24 

8.50 
9.73 

3.32 
3.80 

.03 
.03 

8.52 
9.76 

3.66 
4-.  19 

.17 
.19 

8.32 
9.S4 

3.65 
4.36 

.59 
.71 

8.47 
10.01 

3.34 
3.95 

.26 
.31 

7.72 
9.69 

3.31 
4.16 

.63 
.79 

12.48 
14.33 

3.60 
4.14 

1.17 
1.35 

11.55 
13.33 

3.59 
4.14 

1.31 
1.51 

13.34 
15.47 

3.96 
4.62 

1.19 
1.30 

12.08 
14.09 

3.39 
3.96 

1.55 
1.81 

10.73 
12.56 

3.27 
3.82 

1.18 
1.38 

10.26 
12.21 

3.65 
4.35 

.90 
1.07 

10.40 
12.38 

2.90 
3.46 

1.27 
1.51 

11.00 
12.82 

3.14 
3.66 

2.17 
2.53 

13.95 
16.36 

3.19 
3.74 

2.00 
2.34 

10.3 
11.9 

3.2 
3.7 

.86 
1.0 

9.4 
11.1 

3.6 
4.3 

.43 
.50 

14.7 
16.6 

4.6 
5.2 

1.86 
2.11 

11046 
12788 

10963 
12638 

10390 
12189 

10465 
12244 

10493 
12210 

10934 
12582 

11103 
12714 

11093 
12708 

10747 
12838 

10841 
12820 

9919 
12441 

10601 
12168 

10743 
12397 

10399 
12054 

10483 
12220 

10705 
12526 

10583 
12598 

10515 
12518 

10573 
12327 

10173 
11935 

lOQOO 
12600 

10870 
12800 

10540 
11930 


14403 


14447 


14443 
"i43S5 

14247 


14331 


14338 


14528 


14505 


14402 


14544 


14629 
14(>39 


14553 


14625 


14064 


14773 


14433 


14636 


14586 
14693 
i4733 
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Table  2. — Analyses  of  mine  samples  (not  exactly  indicative  of  commercial 

output) — Continued. 


I 

& 

a 

I 

J 


84230 

84231 

84232 

21032 

21033 

21034 

21035 

22982 

22083 

22984 

22985 

22986 

4985 

4986 

4987 

4989 

4990 

4992 

4991 

4993 

4994 


I 


a 

I 

a 


S 
& 


County 


107 

3/22 

107 

3/22 

107 

3/22 

7B.M. 
2 

2/15 

'B.M. 
2 

2/15 

7B.M. 
2 

2/15 

7B.M. 

2 

2/15 

7B.M. 
3 

10/15 

»B.  M. 
3 

10/15 

7B.  M. 

3 

10/15 

7B.  M. 

3 

10/15 

^B.  M. 
3 

10/15 

43 

6/12 

43 

6/12 

43 

6/12 

43 

6/12 

43 

6/12 

43 

6/12 

44 

6/12 

44 

6/12 

44 

6/12 

Peoria. 


Peoria. 


Peoria. 


Peoria. 


Peoria. 


Peoria. 


Peoria. 


Peoria. 


Peoria. 


Saline. 


Saline. 


Saline. 


Saline. 


Saline. 


Saline. 


Saline. 


i 


Proximate  analvsis  of  coal 
Ist :    ' ' Ab received , "with total 

moisture 
2nd:    "Dry"  or  moisture  free 


.1 

o 

:9 


a 


3 

■ 

ja 

9 

• 

CO 

o 

n 

Peoria 5 


Peoria 5 


Peoria. 


Saline 5 


Saline. 


13.0 
Dry 

35.4 
40.6 

14.9 
Dry 

33.5 
39.3 

14.4 
Dry 

34.8 
40.6 

15.66 
Dry 

34.74 
41.19 

15.38 
Dry 

34.51 
40.78 

15.34 
Dry 

34.25 
40.46 

15.44 
Dry 

34.72 
41.06 

15.03 
Dry 

34.56 
40.67 

15.41 
Dry 

33.87 
40.04 

15.51 
Dry 

34.77 
41.15 

15.57 
Dry 

34.08 
40.36 

15.41 
Dry 

34.34 
40.60 

6.34 
Dry 

37.72 
40.27 

6.40 
Dry 

37.11 
39.65 

8.85 
Dry 

32.53 
35.65 

6.80 
Dry 

35.06 
37.61 

6.02 
Dry 

38.23 
40.68 

7.39 
Dry 

35.38 
38.20 

6.49 
Dry 

35.85 
38.34 

6.71 
Dry 

35.68 
38.24 

6.90 
Dry 

34.42 
36.97 

40.9 
47.1 

39.1 
46.0 

39.9 
46.7 

40.38 
47.88 

39.48 
46.66 

40.80 
48.19 

39.81 
47.08 

39.05 
45.96 

38.85 
45.93 

38.69 
45.79 

38.18 
45.23 

38.52 
45.53 

48.20 
51.46 

49.59 
52.97 

51.52 
56.57 

50.39 
64.07 

47.53 
50.58 

50.73 

54.78 

50.46 
53.97 

49.64 
53.21 

48.55 
52.16 


10.7 
12.3 

12.5 
14.7 

10.9 
12.7 

9.22 
10.93 

10.63 
12.56 

9.61 
11.35 

10.03 
11.86 

11.36 
13.37 

11.87 
14.03 

11.03 
13.06 

12.17 
14.41 

11.73 
13.87 

7.74 
8.27 

6.90 
7.38 

7.10 
7.78 

7.75 
8.32 

8.22 
8.74 

6.50 
7.02 

7.20 
7.69 

7.97 
8.55 

10.13 
10.87 


3.0 
3.4 

1.91 
2.19 

10830 
12450 

3.0 
3.5 

2.17 
2.55 

10450 
12280 

2.9 
3.3 

1.23 
1.43 

10740 
12540 

2.64 
3.13 

10798 
12803 

2.75 
3.25 

10645 
12580 

3.11 
3.67 

10741 
12686 

2.85 
3.37 

10744 
12706 

2.64 
3.11 

10490 
12346 

2.88 
3.40 

10386 
12278 

2.62 
3.10 

10489 
12415 

3.42 
4.05 

10283 
12179 

2.97 
3.51 

10422 
12321 

2.03 
2.16 

.61 
.65 

12620 
13474 

2.27 
2.43 

.40 
.43 

12678 
13546 

.92 
1.00 

.66 
.72 

12321 
13502 

2.30 
2.46 

.03 
.03 

12514 
13428 

2.67 
2.84 

.46 

.48 

12538 
13341 

2.15 
2.32 

.01 
.01 

12642 
13650 

2.82 
3.02 

.01 
.01 

12634 
13511 

2.69 
2.88 

.00 
.00 

12482 
13379 

2.16 
2.32 

.03 
.03 

12088 
12984 

14474 

14728 

14661 

14804 

14671 

14584 

14691 

14538 

i459a 

14562 

14566- 

14618: 

14869 

14800 

14774 

14853 

imi 

14848 
14841 
14839 
14793 


7  Fieldner,  A.  C,  and  others,  Analyses  of  coal:    U.  S.  Bureau  of  Mines  Bull.  123,  p.  35, 1918. 
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Table  2. — Analyses  of  mine  samples  (not  exactly  indicative  of  commercial 

output) — Continued. 


I 


I 


mm 

s 

a 
a 


& 


County 


O 


Proximate  analysis  of  coal 
Ist:    "AaroReived."  with  total 

moisture 
2nd:    "Dry"  or  moisture  free 


8 

■*- 
.13 
o 


a 
o 

.2  g 


»< 

.a 

• 

Q. 

M 

• 

9 

P 

QQ 

o 

0 

o 

CI 


a 

t3 


4997 

4909 

6001 

995 

«002 

1)010 

6012 

6015 

5016 

5019 

5020 

6021 

6022 

5023 

5024 

12931 

12932 

12933 

12934 

12935 

12936 

12937 

12938 


45 
45 
45 
48 
48 
48 
49 
49 
49 
46 
46 
46 
46 
46 
46 


124 


124 


125 


125 


125 


126 


126 


6/12 
6/12 
6/12 
6/12 
6/12 
6/12 


iSaline. 
Saline. 
Saline- 
Saline. 
Saline. 
Saline. 


6/12    Saline. 


6/12 


6/12 


6/12 


6/12 


6/12 


Saline. 


Saline. 


Saline. 


Saline. 


Saline. 


6/12    Saline. 


6/12    Saline. 


6/12 


124     7/21 


7/21 


7/21 


7/21 


7/21 


7/21 


7/21 


7/21 


Saline. 


Saline. 


Saline. 


Saline. 


Saline. 


Saline. 


Saline. 


Saline. 


Saline. 


6.71 
Dry 

35.59 
38.14 

49.98 
53.59 

7.72 
8.27 

2.38 
2.55 

.14 
.16 

12092 
13332 

7.45 
Dry 

34.18 
36.94 

49.88 
53.90 

8.49 
9.10 

2.78 
3.01 

.01 
.01 

12336 
13329 

6.94 
Dry 

34.56 
37.14 

50.93 
54.72 

7.67 
8.14 

2.30 
2.46 

.16 
.18 

124^5 
13415 

7.57 
Dry 

34.36 
37.18 

48.30 
52.25 

9.77 
10.57 

2.42 
2.62 

1.76 
1.89 

11956 
12934 

7.45 
Dry 

33.71 
36.42 

51.27 
55.40 

7.57 
8.18 

2.63 
2.84 

.31 
.35 

12400 
13398 

7.99 
Dry 

33.63 
36.55 

61.20 
55.65 

7.18 
7.80 

2.61 
2.84 

.05 
.05 

12346 
13419 

5.19 
Dry 

38.37 
40.47 

45.92 
48.43 

10.62 
11.10 

4.06 
4.28 

.46 
.49 

12260 
12932 

5.52 
Dry 

36.89 
39.04 

45.89 
48.58 

11.70 
12.38 

4.97 
6.26 

.72 
.76 

11962 
12662 

4.90 
Dry 

38.93 
40.94 

45.90 
48.26 

10.27 
10.80 

4.77 
6.01 

.47 
.49 

12355 
12991 

8.08 
Dry 

35.26 
38.35 

48.25 
52.50 

8.41 
9.15 

2.60 
2.83 

.38 
.41 

12192 
13263 

7.70 
Dry 

35.48 
38.44 

48.66 
52.72 

8.16 
8.84 

2.62 
2.74 

.32 
.36 

12304 
13331 

8.25 
Dry 

34.98 
38.12 

47.73 
52.03 

9.04 
9.85 

2.40 
2.61 

.86 
.92 

11964 
13040 

7.72 
Dry 

34.09 
36.94 

49.22 
53.34 

8.97 
9.72 

3.31 
3.58 

.23 
.25 

12050 
13057 

8.14 
Dry 

34.60 
37.66 

48.10 
52.36 

9.16 
9.98 

2.42 
2.64 

.74 
.80 

11989 
13051 

7.85 
Dry 

33.72 
36.59 

49.30 
53.50 

9.13 
9.91 

3.48 
3.78 

.24 
.26 

11971 
12990 

7.10 
Dry 

33.34 
35.93 

51.33 
55.30 

8.14 
8.77 

2.58 
2.78 

.13 
.14 

12354 
13313 

6.78 
Dry 

33.62 
36.07 

.51.96 
55.74 

7.64 
8.19 

2.40 
2.58 

.11 
.11 

12490 
13399 

6.62 
Dry 

32.79 
35.11 

52.27 
55.98 

8.32 
8.91" 

1.74 
1.86 

.42 
.46 

12463 
13347 

6.65 
Dry 

33.52 
35.91 

52.48 
56.22 

7.35 

7.87 

1.93 
2.07 

.13 
.13 

12609 
13507 

6.28 
Dry 

33.35 
35.58 

51.48 
54.93 

8.89 
9.49 

3.07 
3.28 

.09 
.09 

12357 
13185 

6.85 
Dry 

33. 65 
36.13 

52.28 
56.12 

7.22 
7.75 

2.11 
2.27 

.05 
.05 

12612 
13539 

5.75 
Dry 

33.90 
36.97 

53.21 
56.46 

7.14 
7.67 

2.29 
2.43 

.04 
.04 

12624 
13394 

6.13 
Dry 

34.28 
36.52 

51.83 
55.22 

7.76 
8.26 

2.75 
2.60 

.27 
.29 

12616 
13439 

14725 

14901 

14792 

14392 

14794 

14732 

14847 

14809 

14815 

14818 

14833 

14684 

14716 

14717 

14676 

14798 

i4788 

14832 

14834 

14805 

14854 

i4668 

14830 
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Table  2. — AnaHyaes  oj  mine  samples  (not  exactly  indicative  of  commercial 

output) — Continued. 


u 

9 

B 

a 


i 


a 

a 

M 

a 


County 


Proximate  analysis  of  coal 
Ist:    *'Ab  received,"  with  total 

moisture 
2nd:    "Dry"  or  moisture  free 


I 

.s 

o 


OB  o 

o  a 
> 


a 


•5 


3 

• 

.a 

9 

M 

• 

■♦J 

GQ 

o 

A 

I 

a 

0 


12939 

12901 

12902 

12903 

12911 

12912 

12913 

12917 

12918 

12919 

12914 

12915 

12916 

5494 

5530 

5529 

4413 

4414 

7420 

7421 

4622 

4636 


126 


127 


127 


127 


128 


138 


128 


120 


129 


129 


130 


130 


130 


131 


132 


133 


»B.  M. 


8B.M. 


8B.M. 
5 

8B.M. 


»B.  M. 
5 

8B.  M. 


7/21 


7/21 


7/21 


7/21 


7/21 


7/21 


7/21 


7/21 


7/21 


7/21 


7/21 


7/21 


7/21 


8/12 


8/12 


1/07 


1/07 


1/07 


1/07 


1/07 


1/07 


Saline. 


Saline. 


Saline. 


Saline. 


Saline. 


Saline. 


Saline. 


Saline. 


Saline. 


Saline. 


Saline. 


Saline. 


Saline. 


Saline. 


8/12   Saline. 


Saline. 


Saline. 


Saline. 


Saline. 


Saline. 


Saline. 


Saline. 


5 

6.18 
Dry 

33.97 
36.21 

5 

5.51 
Dry 

33.34 
35.28 

6 

6.05 
Dry 

34.38 
36.59 

5 

5.50 
Dry 

33.64 
35.60 

5 

6.52 
Dry 

33.57 
35.91 

6 

6.84 
Dry 

30.30 
32.52 

5 

6.17 
Dry 

32.87 
35.03 

5 

5.62 
Dry 

34.61 
36.67 

6 

15.75 
Dry 

35.01 
37.15 

6 

6.58 
Dry 

32.89 
35.21 

5 

6.05 
Dry 

33.67 
35.84 

5 

6.69 
Dry 

32.54 
34.88 

5 

5.03 
Dry 

33.79 
35.92 

5 

3.72 
Dry 

34.44 
35.77 

5 

4.03 
Dry 

33.71 
35.13 

6 

3.40 
Dry 

33.33 
34.50 

5 

7.55 
Dry 

33.85 
36.61 

5 

7.51 
Dry 

32.81 
35.47 

5 

6.08 
Dry 

31.64 
34.01 

5 

7.40 
Dry 

31.28 
33.78 

5 

7.81 
Dry 

33.54 
36.38 

5 

0.33 
Dry 

30.92 
34.10 

51.99 
55.42 

53.39 
56.51 

51.87 
55.21 

52.49 
55.54 

52.37 
56.02 

48.02 
51.55 

53.54 
57.06 

52.52 
55.65 

52.65 
55.86 

53.29 
57.14 

51.48 
54.79 

51.44 
55.13 

51.51 
54.76 

52.91 
54.96 

51.84 
54.01 

55.18 
57.12 

51.45 
55.66 

52.20 
56.44 

53.41 
57.42 

54.74 
59.11 

50.27 
54.53 

47.86 
52.79 


7.86 
8.37 

7.76 
8.21 

7.70 
8.20 

8.37 
8.86 

7.64 
8.07 

14.84 
15.93 

7.42 
7.91 

7.25 
7.68 

6.59 
6.99 

7.24 
7.76 

8.80 
9.37 

9.33 
9.99 

8.77 
9.32 

8.93 
9.27 

10.42 
10.86 

8.09 
8.38 

7.15 
7.73 

7.48 
8.09 

7.97 
8.57 

6.58 
7.11 

8.38 
9.09 

11.89 
13.11 


2.65 
2.82 

1.92 
2.03 

1.98 

2.51 
2.66 

2.57 
2.75 

1.46 
1.57 

1.60 
1.71 

2.02 
2.14 

2.05 
2.18 

2.06 
2.20 

2.72 
2.90 

2.62 
2.81 

2.63 
2.80 

3.76 
3.90 

4.19 
4.37 

4.25 
4.40 

1.56 
1.69 

1.58 
1.71 


2.36 
2.56 

2.76 
3.04 


.16 
.17 

.34 
.36 

.42 
.44 

.51 
.64 

.03 
.03 

.03 
.03 

.13 
.14 

.08 
.09 

.05 
.05 

.14 
.15 

.34 
.35 

.06 
.07 

.10 
.11 

.03 
.03 

.02 
.02 

.03 
.03 


2508 
3191 

2687 
3427 

2580 
3390 

2576 
3308 

2552 
3428 

1343 
2176 

2631 
3462 

2781 
3542 

2800 
3581 

2565 
3450 

2401 
3200 

2225 
3101 

2393 
3774 

3032 
3535 

2783 
3319 

3401 
3872 


12686 
13716 


12418 
13469 

11572 
12764 


14753 


14771 


14765 


14806 


14805 


14764 


14777 


14840 


14927 
14754 


14786 


14785 


14746 


15186 


15255 
15420 


15090 


15552 


14984 


"  Ixn-d,  N.  W.,  and  others,  Analyses  of  coals:    U.  S.  Bureau  of  Mines  Bull.  22,  pt.  1,  p.  90, 1913. 
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Table  2. — Analyses  of  mine  samples  (not  exactly  indicative  of  commercial 

output) — Continued. 


mm 

a 

a 


I 


g 

a 
8 

a 


c8 


County 


Proximate  analysis  of  coal 
1st:    "As  reoeivea,"  with  total 

moisture 
2nd:    "Dry"  or  moisture  free 


S 

3 
« 

'S 


olatile 
matter 

ixed 
carbon 

> 

^      1 

j6 
(Q 


3 

• 

.a 

9 

3 
3 

o 

■ 
• 

GO 

O 

PC 

u 

C 


7501 
7502 
12794 
12795 
28448 
28449 
1704 
1705 
1740 
5118 
5119 
5120 
5128 
5120 
5166 
5167 
5108 
5187 
5188 
5189 
5196 
5197 


8B.  M. 
6 

8B.  M. 
6 

»B.  M. 


»B.  M. 


lOB.  M. 
8 

»0B.  M. 
8 

iiB.M. 

41 

"B.  M. 
41 

i»B.  M. 
41 

36 


36 


36 


37 


37 


39 


39 


39 


3/09 


3/09 


Saline. 


Saline. 


8/11  I  Saline. 


8/11 
7/17 
7/17 
6/05 
6/05 
6/05 
7/12 
7/12 
7/12 
7/12 
7/12 
7/12 
7/12 
7/12 


40     7/12 


40 


40 


38 


38 


7/12 


7/12 


7/12 


7/12 


Saline. 


Saline. 


Saline 

Sangamon. 
Sangamon. 
Sangamon. 
Sangamon. 
Sangamon. 
Sangamon. 
Sangamon. 
Sangamon. 
Sangamon. 
Sangamon. 
Sangamon. 
Sangamon. 
Sangamon. 
Sangamon. 
Sangamon. 
Sangamon. 


I 
5  I 


5 


6.01 
Dry 

5.56 
Dry 

7.12 
Dry 

7.02 
Dry 

4.73 
Dry 

4.94 
Dry 

13.89 
Dry 

14.45 
Dry 

12.77 
Dry 

16.05 
Dry 

15.53 
Dry 

14.45 
Dry 

14.08 
Dry 

13.86 
Dry 

13.38 
Dry 

13.35 
Dry 

13.19 
Dry 

14.82 
Dry 

16.05 
Dry 

14.31 
Dry 

14.25 
Dry 

14.10 
Dry 


32.37 
34.44 

34.41 
36.44 

34.55 
37.20 

34.58 
37.19 

37.88 
39.76 

39.50 
41.55 

33.96 
39.43 

34.79 
40.67 

34.68 
39.76 

35.82 
42.66 

36.36 
43.04 

37.46 
43.79 

37.38 
43.51 

37.11 
43.08 

37.20 
42.05 

36.64 
42.27 

38.44 
44.28 

37.18 
43.65 

35.58 
42.38 

37.31 
43.54 

37.25 
43.44 

38.74 
45.09 


54.32 
57.79 

51.31 
54.33 

50.68 
54.56 

51.46 
55.35 

47.70 
50.07 

45.79 
48.17 

40.89 
47.49 

40.10 
46.87 

40.77 
46.74 

37.14 
44.25 

38.05 
45.05 

38.27 
44.73 

37.56 
43.71 

39.05 
45.34 

36.40 
42.03 

37.12 
42.85 

36.47 
42.00 

38.22 
44.87 

38.04 
45.32 

38.20 
44.58 

37.07 
43.24 

37.66 
43.85 


7.30 
7.77 

8.72 
9.23 

7.65 
8.24 

6.94 
7.46 

9.69 
10.17 

9.77 
10.28 

11.26 
13.08 

10.66 
12.46 

11.78 
13.50 

10.99 
13.09 

10.06 
11.91 

9.82 
11.48 

10.98 
12.78 

9.98 
11.58 

13.01 
15.02 

12.89 
14.88 

11.90 
13.72 

9.78 
11.48 

10.33 
12.30 

10.18 
11.88 

11.43 
13.82 

0.50 
11.06 


1.66 
1.77 

2.87 
3.04 

2.23 
2.40 

2.07 
2.23 

4.13 
4.33 

3.94 
4.14 

3.83 
4.45 

3.46 
4.04 

4.16 
4.77 

3.55 
4.22 

3.86 
4.57 

3.59 
4.19 

3.97 
5.17 

2.57 
4.07 

4.78 
5.52 

4.80 
5.53 

4.61 
5.31 

4.30 
4.52 

4.18 
4.98 

4.21 
4.91 

4.76 
5.55 

3.86 
4.50 


.67 
.80 

.55 
.66 

.55 
.65 

.38 
.49 

.52 
.61 

.96 
1.10 

.84 
.97 

1.05 
1.20 

.72 
.84 

.17 
.20 

.90 
1.05 

.98 
1.15 

.75 
.87 


12793 
13610 

12643 
13386 

12481 
13439 

12640 
13594 

12463 
13081 

12420 
13066 

10636 
12352 


14916 
15324 
14835 
14863 


14844 


10757 
12332 

10330 
12306 

10522 
12457 

10704 
12512 

0471 
12337 

10726 
12451 

10338 
11934 

10348 
11942 

10513 
12110 

10683 
12541 

10413 
12404 

10655 
12434 

1Q4I4 
12147 

10790 
12564 


14840 


14543 


13395 


14476 


14450 


14423 


14492 


14365 


14439 


14423 


14397 


14483 


14476 


14251 


14381 
14415 


*  Fieldner,  A.  C,  and  others,  Analyses  of  coal:    U.  S.  Bureau  of  Mines  Bull.  85,  p.  37, 1914. 
10  U.  S.  Bureau  of  Mines,  unpublished  analyses, 
n  Lord.  N.  W.,  and  others,  Analysea  of  coals:    U.  S.  Bureau  of  Mines  Bull.  22,  pt.  1.  p.  91, 1913. 
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Tabi£  2. — Analysea  of  mine  samples  (not  exactly  indicative  of  commercial 

output) — Continued. 


.1 

a 

s 


o 

•s 

•J 


B 

M 

9 

a 


5 


County 


Proximate  analysiB  of  coal 
Ist:    "Asreceived/' with  total 

moist  ure 
2nd:    "Dry"  or  moisture  free 


e 

I 


> 


a 

18 


3 

• 

M 

P 

0. 

m 

• 

1 

8 

pq 

5198 

38 

7/12 

5199 

38 

7/12 

81448 

119 

9/21 

81449 

119 

9/21 

81450 

119 

9/21 

81452 

120 

9/21 

81453 

120 

9/21 

81454 

120 

9/21 

81456 

121 

9/21 

81457 

121 

9/21 

81458 

121 

9/21 

81440 

122 

9/21 

81441 

122 

9/21 

81442 

122 

9/21 

81311 

217 

9/21 

81312 

217 

9/21 

81313 

217 

9/21 

5277 

27 

7/12 

5278 

27 

7/12 

5281 

27 

8/12 

84483 

106 

3/22 

84481 

108 

3/22 

84485 

108 

3/22 

San^mon. 


Sangamon. 


Sangamon. 


Sangamon. 


Sangamon. 


Sangamon. 


Sangamon. 


Sangamon. 


Sangamon. 


Sangamon. 


Sangamon. 


Sangamon. 


Sangamon. 


Sangamon. 


Shelby. 


Shelby. 


Shelby. 


Taaewell. 


Taxewell. 


Tajsewell. 


Tacewell. 


Tasewell. 


Taiewell. 


5 

14.44 
Dry 

38.22 
44.67 

37.68 
44.04 

9.66 
11.29 

3.79 
4.43 

.63 
.73 

10746 
12549 

5 

14.08 
Dry 

38.05 
44.28 

35.30 
41.09 

12.57 
11.63 

5.87 
6.83 

.60 
.69 

10228 
11903 

5 

13.79 
Dry 

34.86 
40.44 

39.58 
45.91 

11.77 
13.65 

3.88 
4.50 

.58 
.67 

10576 
12268 

5 

14.78 
Dry 

35.20 
41.30 

39.74 
46.64 

10.28 
12.06 

3.72 
4.37 

.33 
.39 

10606 
12445 

5 

13.62 
Dry 

37.50 
43.41 

39.30 
45.50 

9.58 
11.09 

3.62 
4.06 

.39 
.45 

10876 
12591 

5 

13.19 
Dry 

36.95 
42.56 

41.18 
47.44 

8.68 
10.00 

3.65 
4.20 

.44 

.51 

11120 
12810 

5 

13.75 
Dry 

37.20 
43.13 

37.60 
43.59 

1-1.45 
13.28 

4.38 
5.08 

1.09 
1.26 

10567 
12252 

5 

13.  S4 
Dry 

36.29 
42.17 

38.94 
45.25 

10.83 
12.58 

3.76 
4.37 

.85 
.99 

10672 
12401 

5 

13.26 
Dry 

34.27 
39.51 

41.93 
48.34 

10.54 
12.15 

3.71 
4.28 

.16 

.18 

10824 
12479 

5 

14.14 
Dry 

35.06 
40.86 

40.61 
47.30 

10.17 
11.84 

3.87 
4.51 

.67 
.78 

10709 
12473 

5 

14.79 
Dry 

34.30 
40.25 

40.77 
47.85 

10.14 
11.90 

3.68 
4.32 

.53 
.62 

10691 
12547 

5 

13.09 
Dry 

36.51 
42.01 

41.14 
47.34 

9.26 
10.65 

3.77 
4.34 

.70 
.81 

10935 
12582 

5 

12.76 
Dry 

35.36 
40.53 

41.92 
48.05 

9.96 
11.42 

3.98 
4.56 

.82 
.94 

10907 
12502 

5 

13.62 
Dry 

35.00 
40.52 

40.80 
47.23 

10.58 
12.25 

3.95 
4.57 

.35 
.41 

10594 
12264 

5 

12.10 
Dry 

35.78 
40.71 

40.71 
46.31 

11.41 
12.98 

3.46 
3.94 

.78 
.89 

10807 
12295 

5 

10.42 
Dry 

36.85 
41.14 

42.83 
47.81 

9.90 
11.05 

3.48 
3.88 

.23 
.26 

11335 
12653 

5 

10.71 
Dry 

37.16 
41.62 

40.91 
45.81 

11.22 
12.57 

4.16 
4.66 

.57 
.64 

11009 
12330 

5 

14.71 
Dry 

37.46 
44.06 

38.57 
44.03 

10.26 
11.91 

3.51 
4.07 

1.15 
1.33 

10801 
12516 

5 

13.88 
Dry 

37.58 
43.64 

40.01 
46.45 

8.53 
9.91 

2.55 
2.96 

.95 
1.10 

11076 
12860 

5 

15.56 
Dry 

37.60 
44.53 

36.70 
43.46 

10.14 
12.01 

3.23 
3.83 

1.50 
1.78 

10552 
12496 

5 

15.4 
Dry 

35.1 
41.5 

40.4 
47.8 

9.1 
10.7 

2.6 
3.0 

1.26 
1.49 

10720 
12670 

5 

16.5 
Dry 

32.8 
39.3 

41.6 
49.8 

9.1 
10.9 

3.1 
3.7 

.57 
.68 

10590 
12690 

5 

15.4 
Dry 

35.2 
41.6 

39.8 
47.1 

9.6 
11.3 

4.2 
5.0 

.42 
.50 

10670 
12610 

14435 
14366 
14546 
14454 
14439 
14381 
14478 
14499 
14509 
14453 
14544 
14609 

"iiiii 

14282 
14506 
14499 
14751 
14500 
14499 
14488 
14261 
14508 
15524 
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Table  2. — Analyses  of  mine  samples  (not  exactly  indicative  of  coTnmercial 

output) — Continued. 


a 

a 


I 


s 


6 

0 


<5 


County 


O 


Proximate  analysis  of  coal 
Ist:    "As  received,"  with  total 

moisture 
2nd:    "Dry"  or  moisture  free 


e 

Oft 

o 


0)    Q) 

^  s 


^ 

^ 


3 

■ 

.£3 

9 

■t 

Cl 

P 

• 

GO 

o 

A 

I 


a 


80788 
80789 
80790 
81315 
81316 
81317 
81444 
81445 
81446 
81138 
81139 
81140 
81142 
81143 
81144 
25748 
25749 
25750 
25751 
26386 
26837 


218 

8/21 

218 

8/21 

218 

8/21 

219 

9/21 

219 

9/21 

219 

9/21 

220 

9/21 

220 

9/21 

220 

9/21 

221 

8/21 

221 

8/21 

221 

8/21 

222 

8/21 

222 

8/21 

222 

8/21 

laB.  M. 
56 

9/16 

12B.M. 
56 

9/16 

"B.  M. 

56 

9/16 

"B.  M. 
56 

9/16 

i«B.  M. 

56 

11/16 

»«B.M. 
56 

11/16 

Bond. 


Bond. 


Bond. 


Christian. 


Christian. 


Christian. 


Christian. 


Christian. 


Christian.. 


Christian. 


Christian. 


Christian. 


Christian. 


Christian. 


Christian. 


Chiistian. 


Christian. 


Christian. 


Chiistian. 


Christian. 


Christian. 


No.  6  Coal. 


6 

11.69 
Dry 

34.15 
38.67 

43.22 
48.94 

10.94 
12.39 

3.55 
4.02 

.80 
.91 

6 

12.55 
Dry 

35.58 
40.69 

41.60 
47.57 

10.27 
11.74 

3.51 
4.01 

.41 
.47 

6 

11.64 
Dry 

35.55 
40.23 

42.12 
47.67 

10.69 
12.10 

3.09 
3.50 

.79 
.89 

6 

11.96 
Dry 

36.12 
41.03 

42.08 
47.79 

9.84 
11.18 

3.31 
3.76 

.21 
.24 

6 

11.74 
Dry 

37.52 
42.51 

37.67 
42.68 

13.07 
14.81 

5.23 
5.93 

.39 
.44 

6 

12.30 
Dry 

38.02 
43.35 

39.56 
45.11 

10.12 
11.54 

3.03 
3.45 

.76 
.87 

6 

13.34 
Dry 

36.44 
42.05 

39.03 
45.04 

11.19 
12.91 

3.63 
4.19 

.77 
.89 

6 

13.67 
Dry 

35.65 
41.30 

39.60 
46.87 

11.08 
12.83 

4.17 
4.83 

.57 
.66 

6 

14.74 
Dry 

37.10 
43.51 

39.34 
46.15 

8.82 
10.34 

4.20 
4.93 

.30 
.35 

6 

11.12 
Dry 

37.81 
42.54 

41.16 
46.31 

9.91 
11.15 

4.15 
4.67 

.17 
.19 

6 

12.21 
Dry 

37.30 
42.49 

40.87 
46.55 

9.62 
10.96 

4.08 
4.65 

.05 
.06 

6 

12.81 
Dry 

36.18 
41.50 

39.79 
45.63 

11.22 
12.87 

4.28 
4.91 

.46 
.53 

6 

12.27 
Dry 

37.17 
42.37 

40.67 
46.36 

9.89 
11.27 

3.49 
3.98 

.08 
.09 

6 

11.75 
Dry 

37.46 
42.45 

41.33 
46.83 

9.46 
10.72 

4.38 
4.96 

.23 
.26 

6 

12.31 
Dry 

38.31 
43.69 

41.22 
47.00 

8.16 
9.31 

3.27 
3.73 

.04 
.05 

.  6 

13.62 
Dry 

37.60 
43.53 

39.62 
45.87 

9.16 
10.60 

3.78 
4.38 

6 

13.72 
Dry 

37.42 
43.37 

39.05 
45.26 

9.81 
11.37 

4.11 
4.76 

6 

12.52 
Dry 

34.74 
39.71 

39.06 
44.65 

13.68 
15.64 

3.40 
3.89 

6 

12.31 
Dry 

38.59 
44.00 

39.15 
44.65 

9.95 
11.35 

3.54 
4.04 

6 

11.89 
Dry 

37.14 
42.15 

40.58 
46.06 

10.39 
11.79 

3.88 
4.40 

6 

11.96 
Dry 

38.52 
43.76 

39.18 
44.72 

10.32 
11.72 

4.21 
4.78 

10784 
12212 

10745 
12287 

10890 
12325 

10989 
12482 

10482 
11876 

10624 
12456 

10679 
12323 

10622 
12304 

10745 
12603 

11070 
12455 

10951 
12474 

10642 
12206 

10917 
12444 

11089 
12565 

11124 
12686 

11020 
12757 

10847 
12571 

10386 
11873 

11086 
12641 

11056 
12548 

11120 
12634 


14229 


14199 


142C4 


14318 


14706 


14343 


14382 


14448 
14649 


14311 


14299 
14340 


14296 


14372 


13063 


14553 


14480 


14245 


14544 


14529 


14293 


13  Fieldner,  A.  C,  and  others.  Analyses  of  coal:    U.  S.  Bureau  of  Mines  Bull.  193,  p.  30, 1922. 
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Table  2. — Analyses  of  mine  samples  (not  exactly  indicative  of  commercial 

output) — Continued. 


1 

a 

a 

a 

a 

M 

V 

a 

1 

County 

St 

1 

o 

Proximate  analysis  of  coal 
Ist:    "As  received,"  with  total 

moisture 
2nd:    "Dry"  or  moisture  free 

8 

* 

3 

• 

1 

^ 

i 

5052 

85 

8/12 

Clinton 

6 

12.60 
Dry 

36.78 
42.07 

40.48 
46.32 

10.14 
11.61 

2.88 
3.29 

.77 
.88 

10827 
12388 

'14269 

5053 

85 

7/12 

Clinton 

6 

12.15 
Dry 

37.74 
42.96 

40.52 
46.13 

9.59 
10.91 

3.51 
3.99 

.29 
.33 

10949 
12464 

'14256 

5054 

85 

7/12 

Clinton 

6 

12.43 
Dry 

37.23 
41.28 

39.93 
46.84 

10.41 
11.88 

4.19 
4.79 

.38 
.44 

10730 
12253 

14211 

5073 

84 

7/12 

Clinton 

6 

13.32 
Dry 

37.43 
43.18 

39.02 
45.02 

10.23 
11.80 

4.06 
4.68 

.69 
.80 

10726 
12374 

14336 

5074 

84 

7/12 

Clinton 

6 

12.40 
Dry 

37.94 
43.32 

39.04 
44.56 

10.62 
12.12 

4.24 
4.84 

.58 
.69 

10796 
12323 

14380 

80744 

198 

8/21 

Clinton 

6 

11.78 
Dry 

36.43 
41.29 

40.93 
46.40 

10.86 
12.31 

4.22 
4.78 

.63 

.71 

10771 
12209 

'14234 

80745 

198 

8/21 

Clinton 

6 

11.40 
Dry 

36.59 
41.30 

41.07 
46.35 

10.94 
12.35 

3.74 
4.22 

.62 
.70 

10817 
12209 

'14887 

80746 

198 

8/21 

Clinton 

6 

10.11 
Dry 

37.97 
42.24 

41.14 
45.77 

10.78 
11.99 

2.58 
2.87 

.60 
.67 

11064 
12308 

"14231 

80767 

199 

8/21 

Clinton 

6 

10.52 
Dry 

34.59 
38.66 

43.42 
48.52 

11.47 
12.82 

3.80 
4.25 

.35 
.39 

10953 
12241 

'13151 

80768 

199 

8/21 

Clinton 

6 

11.73 
Dry 

35.25 
39.93 

43.87 
49.70 

9.15 
10.37 

3.48 
3.94 

.22 
.25 

11034 
12500 

'14201 

80769 

199 

8/21 

Clinton 

6 

11.26 
Dry 

34.94 
39.38 

42.49 
47.87 

11.31 
12.75 

3.46 
3.90 

.77 
.87 

10774 
12141 

'14207 

^56 

i»B.  M. 
46 

2/06 

Clinton 

6 

11.64 
Dry 

35.41 
40.07 

44.29 
50.13 

8.66 
9.80 

3.41 
3.86 

11290 
12776 

'14415 

2857 

"B.  M. 

46 

18B.  M. 

46 

2/06 
2/06 

Clinton 

Clinton 

6 
6 

12.15 
Dry 

11.35 
Dry 

35.60 
40.52 

34.62 
39.05 

42.97 
48.92 

40.63 
45.83 

9.28 
10.56 

13.40 
15.12 

4.01 
4.56 

4.76 
5.37 

2991 

10733 
12107 

"14312 

2854 

laB.  M. 

47 

2/06 

Clinton 

6 

13.43 
Dry 

33.02 
38.14 

44.37 
51.26 

9.18 
10.60 

3.35 
3.87 

10937 
12634 

■i46i9 

2855 

laB.  M. 

47 

i»B.  M. 

47 

2/06 
2/06 

Clinton 

Clinton 

6 
6 

12.73 
Dry 

11.44 
Dry 

33.35 
38.21 

33.  C3 
38.31 

44.32 
50.79 

43.92 
49.60 

9.60 
11.00 

10.71 
13.09 

3.60 
4.13 

4.94 
5.58 

2972 

10958 
12373 

'14983 

4384 

13B.  M. 
48 

i»B.  M. 

48 

1/07 
1/07 

Clinton 

Clinton 

6 
6 

14.45 
Dry 

15.06 
Dry 

29.76 
34.79 

29.48 
34.71 

46.16 
53.95 

45.81 
53.93 

9.63 
11.26 

9.65 
11.36 

2.09 
2.44 

1.05 
1.24 

4385 

10726 
12629 

14447 

4785 

53 

4/12 

Franklin 

6 

10.57 
Dry 

33.37 
37.30 

43.09 
48.19 

12.97 
14.51 

.83 
.93 

4.38 
4.89 

10714 
11980 

"14236 

4786 

53 

4/12 

Franklin 

6 

10.00 
Dry 

32.80 
36.45 

50.92 
56.59 

6.27 
6.96 

.66 
.73 

.33 
.36 

12001 
13334 

14453 

4787 

53 

4/12 

Franklin 

6 

10.15 
Dry 

32.88 
36.59 

50.56 
56.27 

6.41 
7.14 

.59 
.65 

.22 
.25 

12000 
13356 

~ 14494 

»«  Lord,  N.  W.,  and  others,  Analyses  of  ooals:    U.  S.  Bureau  of  Mines  Bull.  22,  pt.  1,  p.  83, 1913. 
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Table  2.— ^Analyses  of  mine  samples  (not  exactly  indicative  of  commercial 

output) — Continued. 


s 

a 

t 

o 

I 


u 

8 

d 

8 

5 

•o 

Is 

e 

Q 

County 


Proxinuite  analysiB  of  ooal 
Irt:    "As  receivedf,"  with  total 

moisture 
2nd:    "Dry"  or  moisture  free 


o 


9  Is 


e 

o 


*» 

9 

JC 

pQ 

a 

« 

a 

^ 

00 

o 


4789 

53 

4/12 

4791 

58 

4/12 

4793 

68 

4/12 

4794 

58 

4/12 

4810 

52 

4/12 

4811 

52 

4/12 

4812 

52 

4/12 

5008 

51 

6/12 

6009 

51 

6/12 

6011 

51 

6/12 

6208 

56 

7/12 

6209 

56 

7/12 

6211 

66 

7/12 

6222 

50 

7/12 

6223 

60 

7/12 

6224 

60 

7/12 

6507 

57 

8/12 

6508 

67 

8/12 

6509 

57 

8/12 

12701 

134 

6/21 

12702 

134 

6/21 

12703 

134 

6/21 

12720 

134 

6/21 

Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin... 


Franklin. 


Franklin. 


Franklin. 


3 


I 


a 


6 

10.00 
Dry 

32.06 
35.65 

50.93 
56.60 

6.98 
7.75 

.47 
.52 

.17 
.20 

11935 
13261 

6 

8.70 
Dry 

34.62 
37.92 

48.92 
53.59 

7.76 
8.49 

.62 
.68 

.31 
.34 

11945 
13084 

6 

9.04 
Dry 

34.46 
37.88 

48.73 
53.59 

7.77 
8.53 

.68 
.74 

.23 
.25 

11946 
13133 

6 

9.05 
Dry 

34.45 
37.88 

48.75 
53.59 

7.75 
8.53 

.91 
1.00 

.37 
.41 

11923 
13106 

6 

6.96 
Dry 

38.42 
41.29 

44.16 
47.47 

10.46 
11.24 

2.98 
3.21 

.92 
.99 

11848 
12733 

6 

7.34 
Dry 

38.11 
41.13 

44.23 
47.73 

10.32 
11.14 

3.26 
3.51 

1.41 
1.53 

11771 
12703 

6 

6.00 
Dry 

38.55 
41.01 

45.46 
48.36 

9.99 
10.63 

3.16 
3.36 

1.20 
1.28 

11996 
12776 

6 

10.63 
Dry 

33.23 
37.18 

48.79 
54.59 

7.85 
8.23 

1.40 
1.19 

.38 
.43 

11800 
13207 

6 

9.83 
Dry 

33.91 
37.62 

49.14 
54.48 

7.12 
7.90 

1.13 
1.25 

.18 
.20 

11942 
13245 

6 

10.39 
Dry 

33.13 
36.97 

49.23 
54.93 

7.25 
8.10 

1.37 
1.53 

.06 
.06 

11920 
13303 

6 

6.43 
Dry 

37.62 
40.20 

44.77 
47.85 

11.18 
11.95 

2.64 
2.82 

.64 
.68 

11834 
12646 

6 

10.15 
Dry 

35.55 
39.56 

45.82 
51.01 

8.48 
9.43 

1.41 
1.57 

.80 
.89 

11091 
13011 

6 

7.71 
Dry 

35.75 
38.74 

45.38 
49.17 

11.16 
12.09 

3.50 
3.79 

.89 
.96 

11644 
12616 

6 

9.66 
Dry 

34.55 
38.24 

47.85 
52.97 

7.95 
8.79 

1.04 
1.15 

.31 
.34 

11916 
13190 

6 

9.00 
Dry 

35.10 
38.58 

47.35 
53.03 

8.55 
9.39 

1.08 
1.19 

.40 
.44 

11973 
13159 

6 

9.36 
Dry 

34.86 
38.46 

48.90 
53.96 

6.88 
7.58 

1.01 
1.12 

.43 

.48 

12122 
13373 

6 

9.83 
Dry 

31.82 
35.28 

49.78 
55.22 

8.57 
9.50 

.79 
.88 

.35 
.39 

11702 
12977 

6 

9.44 
Dry 

32.57 

35.97 

50.09 
55.31 

7.90 
8.72 

.67 
.74 

.29 
.32 

11914 
13156 

6 

9.75 
Dry 

32.33 
35.83 

48.77 
54.03 

9.15 
10.14 

1.39 
1.54 

.32 
.35 

11652 
12911 

6 

8.88 
Dry 

32.17 
35.31 

50.84 
55.80 

8.11 
8.89 

.78 
.86 

.11 
.12 

11862 
13018 

6 

7.11 
Dry 

34.23 
36.85 

48.83 
52.57 

9.83 
10.58 

1.30 
1.40 

.35 
.37 

11883 
12716 

6 

8.31 
Dry 

34.07 
37.16 

49.44 
53.91 

8.18 
8.93 

1.02 
1.12 

.21 
.23 

12010 
13043 

6 

9.24 
Dry 

32.39 
35.69 

49.49 
54.53 

8.88 
9.78 

1.50 
1.65 

.21 
.23 

11722 
12833 

14492 
14426 
14490 
14472 
14668 
14561 
14634 
14534 
14522 
14629 
14620 
14539 
i4644 
14613 
14684 
14603 
14490 
"U647 
14656 
14428 
14483 
14534 
14496 
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Tabus  2. — Analyses  of  mine  samples  (not  exactly  indicative  of  commercial 

output)  — Continued. 


5 

a 

a 

e 

3 


i 


T3 

a 


County 


9 
o 


Proximate  analysis  of  ooal 
l8t:    "Asreceived/' with  total 

moisture 
2nd:   "Dry"  or  moisture  free 


I 


flS  08 

ofi 

> 


M 

m 


^ 

• 

M 

9 

ft 

"3 

QQ 

8 

• 

I 


12721 

134 

6/21 

12722 

134 

6/21 

12729 

136 

6/21 

12730 

136 

6/21 

12731 

136 

6/21 

12732 

136 

6/21 

12733 

136 

6/21 

12734 

136 

6/21 

30892 

137 

9/18 

30893 

137 

9/18 

30894 

137 

9/18 

30895 

137 

9/18 

29741 

138 

2/18 

29742 

138 

2/18 

29743 

138 

2/18 

29744 

138 

2/18 

29745 

138 

2/18 

29746 

138 

2/18 

29754 

138 

2/18 

12682 

139 

6/21 

12683 

139 

6/21 

12884 

139 

6/21 

12698 

139 

6/21 

Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Fianklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


6 

7.61 
Dry 

34.77 
37.63 

48.96 
53.00 

8.66 
9.37 

1.70 
1.85 

.05 
.05 

12038 
12937 

6 

8.56 
Diy 

31.76 
34.73 

50.52 
55.26 

9.16 
10.01 

1.29 
1.41 

.32 
.35 

11662 
12683 

6 

6.72 
Dry 

35.94 
38.53 

46.32 
49.65 

11.02 
11.82 

3.11 
3.33 

.72 
.78 

11599 
12268 

6 

6.95 
Dry 

35.53 
38.18 

46.19 
49.65 

11.33 
12.17 

3.42 
3.68 

.51 
.55 

11469 
12444 

6 

8.36 
Dry 

32.98 
35.99 

51.49 
56.19 

7.17 
7.82 

1.28 
1.40 

.26 
.28 

12070 
13100 

6 

6.23 
Dry 

36.30 
38.88 

46.99 
50.32 

10.08 
10.80 

3.63 
3.89 

.39 
.42 

11797 
12440 

6 

8.46 
Dry 

35.77 
39.08 

46.51 
50.80 

9.26 
10.12 

2.40 
2.73 

.15 
.17 

11712 
12607 

6 

7.62 
Dry 

34.46 
37.26 

48.88 
52.86 

9.14 
9.88 

1.20 
1.30 

.22 
.24 

11895 
12797 

6 

10.04 
Dry 

35.48 
39.44 

47.29 
52.57 

7.19 
7.99 

.77 
.86 

11945 
13279 

6 

11.33 
Dry 

32.38 
36.52 

47.18 
53.21 

9.11 
10.27 

.59 
.67 

11430 
12892 

6 

9.04 
Dry 

36.20 
39.80 

47.86 
52.61 

6.90 
7.59 

1.28 
1.41 

12164 
13374 

6 

10.43 
Dry 

32.10 
36.95 

48.50 
54.15 

7.97 
8.90 

.52 
.58 

11713 
13075 

6 

9.73 
Dry 

34.19 
37.88 

48.97 
54.27 

7.09 
7.85 

1.08 
1.20 

11997 
13289 

6 

10.34 
Dry 

33.70 
37.59 

46.90 
52.31 

9.06 
10.10 

.54 
.60 

11529 
12857 

6 

9.28 
Dry 

34.17 
37.67 

48.77 
53.75 

7.78 
8.58 

.74 
.82 

11885 
13100 

6 

9.17 
Dry 

34.29 
37.75 

49.15 
54.11 

7.39 
8.14 

1.17 
1.29 

12163 
13390 

6 

10.56 
Dry 

34.81 
38.92 

44.74 
50.01 

9.90 
11.07 

.45 
.50 

11354 
12695 

6 

10.36 
Dry 

32.12 
35.83 

47.21 
52.67 

10.31 
11.50 

.56 
.62 

11326 
12034 

6 

9.50 
Dry 

36.82 
40.69 

49.82 
55.04 

3.86 
4.27 

.79 
.87 

12515 
13829 

6 

7.06 
Dry 

35.69 
38.41 

45.24 
48.67 

12.01 
12.62 

3.50 
3.77 

.33 
.35 

11487 
12171 

6 

10.07 
Dry 

32.64 
36.29 

50.15 
55.77 

7.14 
7.94 

.76 
.85 

.22 
.24 

11850 
13177 

6 

8.28 
Dry 

34.98 
38.14 

49.38 
53.84 

7.36 
8.02 

1.13 
1.24 

.25 
.27 

12047 
13072 

6 

6.79 
Dry 

37.24 
39.96 

46.38 
49.76 

9.59 
10.28 

3.38 
3.63 

.31 
.33 

11858 
12541 

14559 
14346 
14365 
14450 
14430 
14433 
14487 
14440 
14606 
14521 
14615 
14482 
14559 
14451 
14465 
14723 
14271 
14446 
13831 
14494 
14441 
14419 
14430 
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Table  2. — Analyses  of  mine  samples  (not  exactly  indicative  of  commercial 

output) — Continued. 


JO 

S 

c 


J 


12690 
12700 
12738 
12739 
12740 
30882 
30883 
30884 
30885 
23442 
23443 
30887 
30888 
30889 
30867 
30868 
30869 
30670 
12865 
12866 
12867 
20080 
20081 


J 

a 

a 

s 

e 


& 


County 


139 
139 
140 
140 
140 
141 
141 
141 
141 
142 
142 
143 
143 
143 
144 
144 
144 
144 
145 
145 
145 
146 
146 


6/21 

6/21 

6/21 

6/21 

6/21 

10/18 

10/18 

10/18 

10/18 

12/15 

12/15 

10/18 

10/18 

10/18 

9/18 

9/18 

9/18 

9/18 

7/21 

7/21 

7/21 

11/14 

11/14 


Proximate  analysis  of  coal 
Ist:    "As  received."  with  total 

moisture 
2nd :    "Dry ' '  or  moisture  free 


h 

• 

9 

ft 

P 

m 

QQ 

O 

m 

Franklin 

Fianklin 

Franklin 

Franklin 

Franklin 

Franklin 

Franklin 

FYanklin 

Franklin 

Franklin 

Franklin 

Franklin 

Franklin 

Franklin 

Franklin 

Franklin 

Franklin 

Franklin , 

Franklin , 

Franklin 

Franklin 

Franklin 

Franklin 


"5 

t3 


6 

8.07 
Dry 

33.85 
36.82 

49.71 
54.08 

8.37 
9.10 

1.02 
1.11 

.05 
.05 

11908 
12900 

6 

6.96 
Dry 

36.53 
39.27 

44.79 
48.13 

11.72 
12.60 

3.95 
4.24 

.20 
.22 

11590 
12245 

6 

5.74 
Dry 

36.04 
38.23 

48.19 
51.13 

10.03 
10.64 

3.37 
3.57 

.36 
.38 

11960 
12509 

6 

6.64 
Dry 

36.34 
38.92 

48.38 
51.83 

8.64 
9.25 

2.75 
2.94 

.05 
.05 

12043 
12753 

6 

8.15 
Dry 

32.79 
35.70 

51.10 
55.63 

7.96 
8.67 

1.51 
1.64 

.14 
.16 

11890 
12863 

6 

9.94 
Dry 

33.39 
37.08 

48.99 
54.39 

7.68 
8.53 

1.14 
1.27 

11880 
13192 

6 

10.04 
Dry 

33.08 
36.77 

49.42 
54.94 

7.46 
8.29 

1.24 
1.38 

11898 
13226 

6 

10.73 
Dry 

33.02 
36.99 

47.65 
53.38 

8.60 
9.63 

1.61 
1.80 

11637 
13036 

6 

10.05 
Dry 

33.93 
37.72 

48.58 
54.01 

7.44 
8.27 

1.40 
1.56 

11884 
13210 

6 

9.72 
Dry 

32.91 
36.45 

48.92 
54.19 

8.45 
9.36 

.87 
.96 

11866 
13144 

6 

10.24 
Dry 

32.54 
36.25 

49.49 
55.14 

7.73 
8.61 

.80 
.89 

11941 
13304 

6 

11.15 
Dry 

33.95 
38.21 

47.50 
53.46 

7.40 
8.33 

1.36 
1.53 

11734 
13207 

6 

9.08 
Dry 

34.99 
38.49 

48.21 
53.02 

7.72 
8.49 

1.43 
1.57 

12019 
13219 

6 

10.31 
Dry 

33.54 
37.40 

49.91 
55.64 

6.24 
6.96 

1.11 
1.24 

12055 
13441 

6 

10.74 
Dry 

32.20 
36.07 

50.91 
57.04 

6.15 
6.89 

.83 
.93 

12001 
13444 

6 

10.36 
Dry 

32.52 
36.28 

47.17 
52.62 

9.95 
11.10 

.63 
.70 

11356 
12668 

6 

9.86 
Dry 

32.38 
35.92 

49.68 
55.12 

8.08 
8.96 

.93 
1.03 

11925 
13230 

6 

10.91 
Dry 

32.32 
36.28 

50.89 
57.12 

5.88 
6.60 

.56 
.63 

12049 
13525 

6 

8.33 
Dry 

31.23 
34.07 

51.35 
56.02 

9.09 
9.91 

1.24 
1.35 

.25 
.27 

11846 
12859 

6 

8.17 
Dry 

32.54 
35.43 

50.60 
55.11 

8.69 
9.46 

1.20 
1.31 

.15 
.17 

11942 
12945 

6 

8.96 
Dry 

32.71 
35.93 

50.71 
55.70 

7.62 
8.37 

.67 
.74 

.08 
.08 

11964 
13104 

6 

9.33 
Dry 

31.15 
34.36 

50.36 
55.54 

9.16 
10.10 

.56 
.62 

11806 
13021 

6 

10.01 
Dry 

29.93 
33.26 

50.08 
55.65 

9.98 
11.09 

.52 
.58 

11522 
12803 

14420 
14567 
14453 
14444 
14337 
14571 
14677 
14609 
14674 
14653 
14607 
14681 
14723 
14574 
14555 
14416 


14682 
14548 
14512 
14525 
14472 
14636 
14564 
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Table  2. — Analyses  of  mine  samples  (not  exactly  indicative  of  commercial 

output) — Continued. 


s 


a 

a 


County 


TO 


Proximate  analysis  of  coal 
Ist:    "As  received,"  with  total 

moisture 
2nd:    "Dry"  or  moisture  free 


I 


Ule 
tter 

a 

o  a 

P 

> 

u 

S 

■ 

9 

3 

p 

• 

m 

O 

» 

I 


a 


20082  ! 

20723 

20724 

20725 

30877 

30878 

30679 

30880 

1095 

1694 

1786 

477D 

478D 

486D 

495D 

1648 

1871 

1872 

3408 

1926 

2020 

3447 


146 

11/14 

146 

1/15 

146 

1/15 

146 

1/15 

147 

10/18 

147 

9/18 

147 

10/18 

147 

10/18 

<B.  M. 
9 

/05 

9 

/05 

«B.M. 
9 

/05 

*B.M. 
10 

8/08 

*B.  M. 
10 

8/08 

*B.  M. 

10 

8/08 

♦B.M. 
10 

8/08 

*B.  M. 
11 

8/08 

«B.M. 
12 

7/06 

fiB.M. 
12 

7/06 

»B.M. 
12 

7/06 

»B.M. 
12 

7/06 

»B.M. 
12 

7/06 

«B.M. 
12 

7/06 

Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


FrankUn. 


Franklin. 


Fianklin. 


Franklin. 


Fhmklin. 


6 

9.25 
Dry 

31.03 
34.19 

51.02 
56.22 

6 

8.21 
Dry 

32.46 
35.36 

49.00 
53.39 

6 

9.07 
Dry 

32.24 
35.45 

'48.42 
53.26 

6 

9.83 
Dry 

31.44 
34.87 

51.53 
57.15 

6 

8.72 
Dry 

34.31 
37.59 

46.15 
50.56 

6 

10.04 
Dry 

33.77 
37.54 

47.63 
52.83 

6 

9.67 
Dry 

33.32 
36.89 

46.67 
51.66 

6 

9.27 
Dry 

34.27 
37.77 

45.48 
50.13 

6 

10.28 
Dry 

32.04 
35.71 

49.74 
55.44 

6 

9.46 
Dry 

33.55 
37.06 

48.87 
53.97 

6 

8.31 
Dry 

31.65 
34.52 

49.56 
54.05 

6 

9.15 
Dry 

34.98 
38.50 

47.27 
52.03 

6 

8.59 
Dry 

32.15 
35.17 

51.03 
55.83 

6 

8.12 
Dry 

34.46 
37.51 

48.79 
53.10 

6 

8.61 
Dry 

33.19 
36.32 

46.82 
51.23 

6 

9.50 
Dry 

31.98 
35.34 

47.08 
52.02 

6 

9.90 
Dry 

28.67 
31.8? 

53.69 
59.59 

6 

10.53 
Dry 

29.06 
32.48 

53.01 
59.25 

6 

9.65 
Diy 

30.87 
34.17 

53.23 
58.91 

6 

14.91 
Dry 

26.66 
31.33 

49.50 
58.18 

6 

10.72 
Dry 

29.86 
33.45 

50.06 
56.07 

6 

9.58 
Dry 

29.18 
32.27 

50.24 
55.56 

8.70 
9.59 

10.33 
11.25 

10.27 
11.29 

7.20 
7.98 

10.82 
11.85 

8.66 
9.63 

10.34 
11.45 

10.98 
12.10 

7.94 
8.85 

8.12 
8.97 

10.48 
11.43 

8.60 
9.47 

8.23 
9.00 

8.63 
9.39 

11.38 
12.45 

11.44 
12.64 

7.74 
8.59 

7.40 
8.27 

6.25 
6.92 

8.93 
10.49 

9.36 
10.48 

11.00 
12.17 


.48 
.53 

.96 
1.05 

1.14 
1.25 

.50 
.55 

3.81 
4.17 

2.43 
2.70 

3.07 
3.40 

3.79 
4.18 

1.06 
1.18 

1.63 
1.80 

1.55 
1.69 

.99 
1.09 

1.29 
1.41 

1.13 
1.23 

.95 
1.04 

1.45 
1.60 

.48 
.53 

.47 
.53 

.45 
.50 

.62 
.61 

.91 
1.02 

.52 

.58 


11857 
13064 

11770 
12823 

11606 
12764 

11990 
13297 

11543 
12645 

11725 
13034 

11547 
12784 

11461 
12632 


11990 
13243 

11727 
12789 


12114 
13253 

12064 
13131 

11585 
12676 

11506 
12713 

12001 
13820 


10958 
12879 

11686 
13088 

11428 
12632 


14478 


14525 


14578 


14568 


14645 


14791 


14485 
14677 


14725 


14647 


14728 


14654 


14682 


14780 
14765 


14545 


14794 
14561 


14  Lord,  N.  W..  and  others,  Analyses  of  coals:    U.  S.  Bureau  of  Mines  Bull.  22,  pt.  1,  p.  83, 1913. 
>«  Ibid.,  p.  84. 
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Tabue  2. — Analyses  of  mine  samples  (not  exactly  indicative  of  com/mercial 

output)  — Continued. 


a 

a 


1 

3 

a 

8 

O 

"2 

1-4 

5 

County 


3448 

»»B.  M. 

12 

7/06 

3451 

i«B.  M. 
12 

7/06 

5214 

i«B.  M. 

12 

7/06 

5237 

i»B.  M. 
12 

7/06 

23473 

»«B.M. 
13 

11/15 

23474 

16B.M. 
13 

11/15 

23475 

i«B.  M. 
13 

11/15 

2.3476 

»«B.  M. 
13 

11/15 

23477 

»«B.  M. 
13 

11/15 

23478 

"B.  M. 

13 

11/15 

22686 

i«B.  M. 
14 

7/15 

22687 

»«B.  M. 
14 

7/15 

22688 

»«B.  M. 

14 

7/15 

22689 

»«B.  M. 
14 

7/15 

22690 

i«B.M. 
14 

7/15 

22691 

i«B.  M. 
14 

7/15 

23442 

»«B.  M. 
15 

11/15 

23443 

»«B.  M. 
15 

11/15 

23444 

»»B.  M. 
15 

11/15 

20080 

i«B.  M. 
16 

11/14 

20081 

i«B.  M. 
16 

11/14 

20082 

»«B.  M. 

16 

11/14 

16 

Fleldner,  ^ 

Pi.  C,  8 

Franklin. 


Franklin. 


Franklin. 


Franklin . 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Proximate  analyBis  of  ooal 
1st:    "Aa  received."  with  total 

moisture 
2nd:    "Dry"  or  moisture  free 


I 

I 


:2^ 


ll 

PE4 


Franklin 6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


9.45 
Dry 

8.30 
Dry 

11.82 
Dry 

11.50 
Dry 

9.28 
Dry 

8.91 
Dry 

8.82 
Dry 

9.25 
Dry 

8.75 
Dry 

9.01 
Dry 

9.33 
Dry 

9.05 
Dry 

8.59 
Dry 

8.91 
Dry 

10.06 
Dry 

9.19 
Dry 

9.72 
Dry 

10.24 
Dry 

9.93 
Dry 

9.33 
Dry 

10.01 
Dry 

9.25 
Dry 


29.49 
32.57 

30.23 
32.97 

27.66 
31.37 

26.70 
30.17 

34.21 
37.71 

35.51 
38.98 

33.91 
37.19 

33.76 
37.20 

33.71 
36.94 

34.52 
37.94 

33.60 
37.06 

33.74 
37.10 

34.66 
37.92 

33.87 
37.18 

33.92 
37.72 

33.80 
37.22 

32.91 
36.45 

32.54 
36.25 

33.13 
36.78 

31.15 
34.36 

29.93 
33.26 

31.03 
34.19 


u 

d 

• 

M 

9 

1 

n 

8 

4*' 

51.99 
57.41 

9.07 
10.02 

60.90 
55.50 

10.57 
11.53 

55.10 
62.47 

5.42 
6.16 

52.67 
59.51 

9.13 
10.32 

47.76 
52.64 

8.75 
9.65 

47.46 
52.11 

8.12 
8.91 

48.87 
53.60 

8.40 
9.21 

48.08 
52.98 

8.91 
9.82 

48.44 
53.09 

9.10 
9.97 

47.87 
52.61 

8.60 
9.45 

48.48 
53.47 

8.59 
9.47 

48.65 
53.49 

8.56 
9.41 

48.89 
53.48 

7.86 
8.60 

49.21 
54.03 

8.01 
8.79 

47.26 
52.54 

8.76 
9.74 

48.61 
53.53 

8.40 
9.25 

48.92 
54.19 

8.45 
9.36 

49.49 
55.14 

7.73 
8.61 

48.77 
54.15 

8.17 
9.07 

50.36 
55.54 

9.16 
10.10 

50.08 
55.65 

9.98 
11.09 

51.02 
56.22 

8.70 
9.59 

.60 
.66 

.52 
.57 

.46 
.52 

.60 
.68 

1.10 
1.21 

.80 
.88 

.81 
.80 

1.07 
1.18 

1.55 
1.70 

1.08 
1.19 

.82 
.90 

.96 
1.06 

.92 
1.01 

.99 
7.09 

.92 
1.02 

.92 
1.01 

.87 
.06 

.80 
.89 

.75 
.83 

.56 
.62 

.52 
.58 

.48 
.53 


1 


a 


11695 
12615 

11543 
12587 

11961 
13565 

11410 
12893 

11950 
13172 

12083 
13266 

12038 
13203 

11898 
13111 

11943 
13088 

11970 
13154 

11824 
13041 

11858 
13039 

12089 
13225 

12017 
13192 

11756 
13072 

11925 
13131 

11866 
13144 

11941 
13304 

11896 
13207 

11806 
13021 

11522 
12803 

11857 
13064 


14503 


14394 


14547 


14531 


14745 


14707 


14ini 


14706 


14725 
14675 


14556 
14548 


14612 


14610 


14775 


14622 


14663 


14697 


14668 


14636 


14564 
14666 


of  coal:    U.  S.  Bureau  of  Mines  Bull.  123,  p.  38, 1918. 
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Table  2. — Analyses  of  mine  samples  (not  exactly  indicative  of  commercial 

output) — Continued. 


a 

a 

I 

I 


5 
a 

(3 
M 

e 
a 


County 


-2 


U 


Proximate  analysiB  of  coal 
iBt :    *  'As  recei vea , ' '  with  total 

moisture 
2nd :    *  *  Dry ' '  or  moisture  free 


£ 

9 

.3 
o 


•56 


a 
o 


43 

ce 


» 

3 

■ 

.c 

9 

3 

5 

•4J 

OQ 

o 

0 

8 

o 

■♦a 

a 

0 


20083 
20723 
20724 
20725 
20726 
22915 
22916 
22917 
22918 
22919 
22920 
22321 
26129 
30266 
30267 
30844 
31050 
29741 
29742 
29743 
23744 


i«B.  M. 
16 

»«B.  M. 
17 

»«B.  M. 

17 

»eB.  M. 

17 

»«B.  M. 

17 

»«B.  M. 

18 

"B.  M. 

18 

i«B.M. 

18 

i«B.  M. 
18 

>7B.  M. 
19 

"B.  M. 
19 

"B.  M. 

19 

»«B.  M. 

o8 


11/14 

11/14 

11/14 

11/14 

11/14 

8/15 

8/15 

8/16 

8/15 

8/15 

8/15 

8/15 

10/16 


»«B.  M.     5/18 
58 


i»B.  M. 
58 

4/18 

»»B.  M. 
58 

8/18 

»»B.  M. 
58 

10/18 

»»B.  M. 
21 

3/18 

»»B.  M. 
21 

3/18 

i»B,  M. 
21 

3/18 

»»B.  M. 

21 

3/18 

Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklift. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


6 


6 


6 


6 


6 


6 


6 


6 


9.61 
Dry 

8.21 
Dry 

9.07 
Dry 

9.83 
Dry 

8.87 
Dry 

9.78 
Dry 

10.23 
Dry 

10.48 
Dry 

8.86 
Dry 

10.48 
Dry 

10.16 
Dry 

9.99 
Dry 

10.61 
Dry 

7.86 
Dry 

7.83 
Dry 

8.02 
Dry 

7.35 
Dry 

9.73 
Dry 

10.34 
Dry 

9.28 
Dry 

9.17 
Dry 


30.68 
33.94 

32.46 
35.36 

32.24 
35.45 

31.44 
34.87 

32.72 
35.90 

32.29 
35.79 

31.97 
35.61 

33.53 
37.46 

33.27 
36.50 

31.87 
35.00 

32. 66 
36.35 

32.82 
36.46 

33.39 
37.35 

34. 10 
37.01 

34.70 
37.65 

35.66 
38.77 

36.70 
39.61 

.34. 19 

37.88 

33.70 
37.59 

34.17 
37.67 

34.29 
37.75 


50.44 
55.80 

49.00 
53.39 

48.42 
53.26 

51.53 
57.15 

49.05 
53.83 

49.73 
56.12 

49.87 
55.56 

43.02 
54.75 

49.48 
54.29 

49.10 
54.85 

49.63 
55.23 

49.27 
54.74 

48.37 
54.11 

49.62 
53.85 

47.96 
52.03 

48.46 
52.68 

47.88 
51.68 

48.90 
54.27 

46.00 
52.31 

48.77 
53.75 

49.15 
54.11 


9.27 
10.26 

.50 
.55 

10.33 
11.25 

.96 
1.05 

10.27 
11.29 

1.14 
1.25 

7.20 

7.98 

.50 
.55 

9.36 
10.27 

.94 
1.03 

8.20 
9.09 

1.02 
1.13 

7.93 
8.83 

.91 
1.01 

6.C7 
7.79 

1.22 
1.36 

8.d9 
9.21 

.86 
.£4 

8.55 
9.55 

1.16 
1.30 

:::::: 

7.56 
8.42 

.99 
1.10 

7.92 
8.80 

1.03 
1.14 

7.63 
8.54 

1.02 
1.14 

8.42 
9.14 

1.18 
1.28 

9.51 
10.32 

1.20 
1.30 

7.86 
8.55 

1.07 
1.16 

8.07 
8.71 

1.02 
1.10 

7.09 
7.85 

1.08 
1.20 

9.06 
10.10 

.54 

.60 

7.78 
8.58 

.74 
.82 

7.39 
8.14 

1.17 
1.29 

11725 
12971 

11770 
12823 

11606 
12764 

11990 
13297 

11785 
12931 

11860 


14604 


14632 


14578 


14568 


14915 


13145 

14613 

11839 
13189 

14613 

11932 
13329 

14598 

11970 
13133 

i46i4 

11678 
13046 

14690 

11321 
13270 

14634 

11857 
13172 

'i45P3 

11855 
13262 

14646 

12141 
13176 

14769 

11963 
12980 

i465i 

12128 
13187 

14566 

12164 
13129 

14526 

11997 
13289 

'14562 

ll.')29 
12857 

14449 

11885 
13100 

14465 

12163 
13390 

14723 

»^  Fieldner,  A.  C,  and  others,  Analyses  of  coal:  TJ.  S.  Bureau  of  Mines  Bull.  123,  p.  34, 1918. 
»«  Fieldner,  A.  C,  and  others,  Analyses  of  coal:  U.  S.  Bureau  of  Mines  Bull.  193,  p.  30, 1922. 
»•  Ibid.,  p.  31.  ^ 
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Table  2. — Analyses  of  mine  samples  (not  exactly  indicative  of  commercial 

output) — Continued. 


mm 

a 

a 

I 
g 


29745 

29746 

2;)754 

30205 

30207 

26492 

26493 

264S4 

26495 

26496 

30206 

3020S 

30485 

30486 

5528 

5510 

5511 

5513 

23426 

4773 

4780 


mm 

B 

9 

a 

M 

9 

•o 

a 


3 
& 


County 


i»B.M. 
21 

3/18 

i«B.  M. 
21 

3/18 

»»B.  M. 

21 

3/18 

20B.  M. 

20 

5/18 

aoB.  M. 

20 

4/18 

20B.  M. 
22 

12/16 

20B.  M. 
22 

12/16 

20B.  M. 
22 

12/16 

aoB.  M. 
22 

12/16 

aoB.  M. 
22 

12/16 

20B.  M. 
22 

4/18 

20B.  M. 
22 

11/16 

20B.  M. 
22 

11/16 

20B.  M. 
22 

11/16 

8/12 

223 

8/12 

223 

8/12 

223 

8/12 

21B.  M. 
57 

11/15 

55 

4/12 

55 

4/12 

Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Franklin. 


Gallatin. 


Gallatin. 


Gallatin. 


Gallatin. 


Gallatin. 


Jackson . 


Jackson. 


1 


O 


Proximate  analysis  of  oosl 
Ist:    "As received,"  wit^ total 

moisture 
2nd:    "Dry"  or  moisture  free 


I 

o 


o  a 
> 


(3 


•3 


^ 

■ 

A 

9 

A 

«q 

■ 

3 

O 

■ 

OQ 

^ 

A 

6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


10.56 
Dry 

10.36 
Dry 

9.50 
Dry 

7.64 
Dry 

8.86 
Dry 

9.54 
Dry 

9.58 
Diy 

10.97 
Dry 

10.26 
Dry 

9.68 
Dry 

8.49 
Dry 

8.05 
Dry 

9.66 
Dry 

10.04 
Dry 

10.82 
Dry 

4.47 
Dry 

4.10 
Dry 

12.55 
Dry 

3.70 
Dry 

10.88 
Dry 

7.17 
Dry 


34.81 
38.92 

32.12 
35.83 

36.82 
40.69 

31.37 
33.96 

31.23 
34.27 

32.91 
36.38 

33.25 
36.77 

33.70 
37.85 

33.17 
36.96 

32.90 
36.43 

34.11 
37.28 

34.51 
37.53 

34.06 
37.70 

33. 61 
37.36 

33.83 
37.94 

33.33 
36.98 

36.79 
38.36 

34.81 
39.81 

37.72 
39.17 

31.71 
35.57 

36.36 
39.18 


44.73 
50.01 

47.21 
52.67 

49.82 
55.04 

50.  C3 
54.17 

49.28 
54.07 

48.41 
53.52 

50. 16 
55.48 

46.86 
52.64 

48.39 
53.93 

48.35 
53.53 

48.71 
53.22 

47.67 
51.85 

47.27 
52.33 

48.01 
53.37 

42.43 
47.57 

47.73 
49.96 

50.38 
52.54 

4)6.34 
52.98 

49.17 
51.06 

48.90 
54.88 

45.25 
48.74 


9.90 
11.07 

10  31 
11.50 

3.86 
4.27 

10.96 
11.87 

10.63 
11.66 

9.14 
10.10 

7.01 
7.76 

8.47 
9.51 

8.18 
9.11 

9.07 
10.04 

8.69 
9.50 

9.77 
10.62 

9.01 
9.97 

8.34 
9.27 

12.92 
14.49 

11.46 
13.06 

8.73 
9.10 

6.30 
7.21 

9.41 
9.77 

8.51 
9.55 

11.22 
12.08 


.45 

.50 

.56 
.62 

.79 
.87 

1.06 
1.15 

1.10 
1.21 

.98 
1.08 

1.08 
1.19 

.99 
1.11 

1.31 
1.46 

1.09 
1.31 

1.11 
1.21 

1.06 
1.15 

1.17 
1.30 

1.10 
1.22 

4,93 
6.53 

3.69 
3.76 

3.83 
3.99 

5.61 
6.41 

3.03 
3.15 

.66 
.73 

3.92 
4.22 


.42 
.47 

.05 
.06 

.04 
.04 

.01 
.01 


.30 
.34 

.43 
.47 


11354 
12695 

11326 
12634 

12515 
13829 

11687 
12654 

11603 
12731 

11772 
13014 

12051 
13329 

11671 
13109 

11858 
13214 

11693 
12946 

12064 
13183 

llf27 
12971 

11866 
13135 

11898 
13226 

11263 
11609 

12320 
12895 

12849 
13397 

13015 
13739 

12987 
134187 

11694 
13009 

11678 
12581 


e 


14433 


14446 


14524 


14554 


14606 


14644 


14585 


14812 


14705 


14260 


14731 


14635 


14650 


14739 


15193 


15157 


16001 


15129 


15»75 


14531 


2»  Fieldner,  A.  C,  and  others,  Analyras  of  coal:    U.  S.  Bureau  of  Mines  Bull.  123,  p.  34, 1918. 
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Table  2. — Analyses  of  mine  samples  (not  exactly  indicative  of  commercial 

output) — Continued. 


mm 

a 


o 
Ji 


4784 

12647 

12648 

12649 

12650 

12651 

12652 

2611 

5086 

5067 

5088 

5097 

5098 

5099 

5100 

5101 

5102 

5112 

5113 

5114 

81323 

81324 

81325 


s 

a 
S 

a 


OS 

Q 


County 


55 

4/12 

183 

6/21 

183 

6/21 

183 

6/21 

183 

6/21 

183 

6/21 

183 

6/21 

224 

1/10 

66 

7/12 

66 

7/12 

66 

7/12 

69 

7/12 

69 

7/12 

69 

7/12 

67 

7/12 

67 

7/12 

67 

7/12 

68 

7/12 

68 

7/12 

68 

7/12 

185 

9/21 

185 

9/21 

185 

9/21 

1 

Jackson. 


Jackson. 


Jackson. 


Jackson. 


Jackson. 


Jackson. 


Jackson. 


Livingston. 


Macoupin. 


Macoupin. 


Macoupin. 


Macoupin. 


Macoupin. 


Macoupin. 


Macoupin. 


Macoupin. 


Macoupin. 


Macoupin. 


Macoupin. 


Macoupin. 


Macoupin. 


Macoupin. 


1 


Proximate  analysis  of  coal 
1st:    "As  received,"  with  total 

moisture 
2nd:    "Dry"  or  moisture  free 


9  t 

o  a 
> 


G 


^ 


h 

S3 
.4 

• 

a 
"3 

o 

■ 

n 

o 

n 

Macoupin. 


6 

8.82 
Dry 

35.30 
38.72 

6 

10.34 
Dry 

35.71 
39.82 

6 

10.00 
Dry 

32.81 
36.46 

6 

9.16 
Dry 

34.31 
37.77 

6 

9.86 
Dry 

33.70 
37.38 

6 

9146 
Dry 

35.05 
38.71 

6 

9.66 
Dry 

35.94 
39.78 

6 

16.50 
Dry 

32.63 
39.07 

6 

4.29 
Dry 

39.09 
45.60 

6 

13.77 
Dry 

38.69 
44.86 

6 

14.73 
Dry 

38.33 
44.95 

6 

14.73 
Dry 

36.26 
42.53 

6 

13.68 
Dry 

38.02 
44.05 

6 

14.19 
Dry 

37.92 
44.19 

6 

15.12 
Dry 

38.28 
45.09 

6 

14.90 
Dry 

37.75 
44.35 

6 

14.67 
Dry 

35.49 
41.59 

6 

12.11 
Dry 

40.32 
45.88 

6 

13.27 
Dry 

38.58 
44.48 

6 

13.23 
Dry 

38.85 
44.77 

6 

13.32 
Dry 

37.97 
43.80 

6 

12.41 
Dry 

37.96 
43.34 

6 

9.84 
Dry 

42.13 
46.73 

44.96 
49.30 

45.74 
51.02 

47.33 
52.58 

46.76 
53.00 

45.30 
50.26 

46.85 
51.75 

45.96 
50.87 

45.50 
54.49 

37.21 
43.42 

36. 74 
42.62 

37.24 
43.69 

36.11 
42.34 

37.72 
43.70 

37.03 
43.15 

36.55 
43.06 

38.43 
45.16 

38.83 
45.50 

39.14 
44.52 

38.15 
43.99 

38.91 
44.84 

39.84 
45.97 

39.68 
45.64 

39.  .51 
43.82 


10.92 
11.98 

8.21 
9.16 

9.86 
10.96 

9.77 
10.33 

11.14 
12.36 

8.64 
9.54 

8.44 
9.35 

5.37 
6.44 

9.41 
10.98 

10.80 
12.52 

9.70 
11.36 

12.90 
15.13 

10.58 
12.25 

10.86 
12.66 

10.05 
11.85 

8.92 
10.49 

11.01 
12.91 

8.43 
9.60 

10.00 
11.53 

9.01 
10.39 

8.87 
10.23 

9.65 
11J02 

8.52 
9.45 


3.46 
3.79 

.50 
.54 

1.03 
1.15 

.03 
.03 

1.27 
1.41 

.07 
.08 

1.24 
1.36 

.20 
.22 

2.04 
2.26 

.27 
.30 

1.75 
1.93 

.07 
.07 

1.28 
1.42 

.22 
.24 

1.60 
1.92 

4.13 
4.82 

.32 
.37 

4.37 
5.07 

.62 
.71 

4.50 
5.28 

.30 
.35 

4.62 
5.42 

.28 
.33 

4.43 
5.12 

.21 
.25 

4.21 
4.91 

.39 
.45 

3.85 
4.54 

.31 
.37 

3.67 
4.31 

.45 
.53 

4.15 

4.86 

.22 
.26 

4.39 
5.00 

.38 
.43 

4.89 
5.64 

.27 
.31 

4.39 
5.06 

.28 
.32 

3.40 
3.92 

.31 
.36 

3.57 
4.08 

.29 
.33 

3.51 
3.89 

.24 
.27 

11547 
12663 

11585 
12920 

11356 
12618 

11523 
12684 

11169 
12391 

11586 
12796 

11583 
12751 

11297 
13529 

10635 
12408 

10493 
12169 

10522 
12339 

10099 
11843 

10618 
12300 

10599 
12351 

10610 
12501 

10735 
12614 

10433 
12227 

11170 
12705 

10780 
12442 

10935 
12601 

10893 
12567 

10889 
12432 

11426 
12673 


o 


14676 


14376 
14357 
14317 
14377 
14326 
14307 
14600 


14234 
14236 


14237 
'14342 
14346 
14476 
14488 
14367 
14370 
14335 
14400 
14359 
14252 
14241 
14237 
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Table  2. — Analyses  of  mine  samples  (not  exactly  indicative  of  commercial 

output) — Continued. 


o 

a 

a 
g 

I 


a 

a 

IS 

a 


as 


County 


-2 


Proximate  analysis  of  coal 
Ist:    "As  received,"  with  total 

moisture 
2nd:    "Dry"  or  moisture  free 


.9 
o 


rs  ■*-> 

II 

> 


"S 


■? 


9 

.a 
ft 

3 

GO 


I      ^ 


pq 


81327 

81328 

81329 

81331 

81332 

81333 

81334 

81085 

81086 

.81087 

81016 

81017 

81018 

81020 

81021 

81022 

1625 

1626 

1635 

1639 

4247 

2731 


186 

9/21 

.   186 

9/21 

186 

9/21 

228 

9/21 

187 

9/21 

187 

9/21 

187 

9/21 

188 

8/21 

188 

8/21 

188 

8/21 

189 

8/21 

189 

8/21 

189 

8/21 

190 

8/21 

190 

8/21 

190 

8/21 

22B.  M. 
30 

5/05 

22B.  M. 
30 

5/05 

23B.  M. 
30 

5/05 

23B.  M. 
30 

5/05 

23B.  M. 
30 

5/05 

23B.  M. 

30 

5/05 

Macoupin 
Macoupin 
Macoupin 
Macoupin 
Macoupin 
Macoupin 
Macoupin 
Macoupin 
Macoupin 
Macoupin 
Macoupin 
Macoupin 
Macoupin 
Macoupin 
Macoupin 
Macoupin 
Macoupin 
Macoupin 
Macoupin 
Macoupin 
Macoupin 
Macoupin 


6 


6 


6 


6 
6 


6 


6 


6 


6 


6 


6 


6 


11.18 
Dry 

9.01 
Dry 

13.17 
Dry 

14.03 
Dry 

13.30 
Dry 

13.52 
Dry 

13.86 
Dry 

12.30 
Dry 

11.39 
Dry 

12.24 
Dry 

12.74 
Dry 

15.67 
Dry 

13.40 
Dry 

13.92 
Dry 

13.26 
Dry 

15.16 
Dry 

13.29 
Dry 

15.27 
Dry 

13.54 
Dry 

13.72 
Dry 

15.25 
Dry 

14.68 
Dry 


37.54 
42.27 

39.20 
43.08 

36.72 
42.29 

37.17 
43.24 

37.46 
43.21 

36.25 
41.92 

36.52 
42.40 

38. 69 
44.12 

39.03 
44.05 

38.25 
43.58 

36.09 
41.36 

33.57 
36.81 

35.71 
41.24 

34.41 
40.01 

34.81 
40.13 

33.46 
39.44 

37.07 
42.75 

36.19 
42.71 

35.69 
41.28 

36.24 
42.00 

28.57 
33.71 

31.32 
38.71 


40.19 
45.24 

41.42 
45.52 

40.09 
46.17 

39.60 
46.06 

38.68 
44.61 

38.70 
44.75 

39.11 
45.40 

41.07 
46.83 

40.49 
45.69 

41.24 
47.00 

42.77 
49.01 

41.53 
49.24 

41.83 
48.30 

43.00 
49.95 

42.29 
48.76 

41.97 
49.47 

40.74 
46.99 

39.34 
46.43 

40.03 
46.30 

39.72 
46.04 

40.83 
48.18 

40.32 
47.26 


11.09 
12.49 

10.37 
11.40 

10.02 
11.54 

9.20 
10.70 

10.56 
12.18 

11.53 
13.33 

10.51 
12.20 

7.94 
9.05 

9.09 
10.26 

8.27 
9.42 

8.40 
9.63 

9.23 
10.95 

9.06 
10.46 

8.64 
10.04 

9.64 
11.11 

9.41 
11.09 

8.90 
10.26 

9.20 
10.86 

10.74 
12.42 

10.32 
11.96 

15.35 
18.11 

13.68 
16.03 


3.65 
4.11 

4.32 
4.75 

4.04 
4.65 

3.49 
4.06 

4.23 
4.88 

4.38 
5.06 

3.97 
4.61 

3.62 
4.13 

4.57 
5.16 

3.61 
4.11 

3.73 
4.27 

3.56 
4.22 

4.06 
4.69 

3.79 
4.40 

3.90 
4.50 

3.21 
3.78 

4.12 
4.75 

3.70 
4.37 

4.03 
4.66 

3.96 
4.59 

3.81 
4.50 

3.88 
4.55 


1.00 
1.13 

.58 
.64 

.40 
.46 


.36 
.42 

.63 
.73 

.22 
.26 

.15 
.17 

.17 
.19 

.11 
.13 

.15 
.17 

.10 
.12 

.10 
.12 

.17 
.20 

.07 
.08 

.22 
.26 


10841 
12206 

11193 
12301 

10685 
12306 

10753 
12508 

10621 
12250 

10471 
12108 

10554 
12252 

11080 
12634 

11037 
12456 

11066 
12609 

10948 
12546 

10379 
12308 

10711 
12368 

10814 
12563 

10773 
12420 

10540 
12423 

11162 
12872 


10807 
12499 

10870 
12598 

9790 
11551 

10053 
11782 


14243 


14177 


14206 


14273 


14264 


14314 


14261 


1412; 


14170 


14163 


14134 


14090 


1408; 


14229 


14257 


14235 
14637 


14596 


14625 


14526 
14407 


22  Ix>rd,  N.  W.,  and  others,  Analyses  of  coals:    U.  S.  Bureau  of  Mines  Bull.  22,  pt.  1.  p.  85, 1913. 

23  Ibid.,  p.  86. 
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Table  2. — Analyses  of  mine  samples  (not  exactly  indicative  of  commercial 

output)  — Continued. 


1 

B 

3 

a 

1 

a 

a 

1 

►1 

1 

County 

1 

Prozinuite  analysis  of  coal 
1st:    "As received. "with total 

moisture 
2nd:    "Dry"  or  moisture  free 

3 

•t 

CO 

M 

8 

• 

• 

1 

2 

1 

i 

on 

|l 

.t3 

n 

18545 

»*B.  M. 
31 

1/14 

Macoupin 

6 

12.90 
Dry 

37.80 
43.40 

39.77 
46.66 

9.63 
10.94 

4.23 
4.86 

10862 
12460 

14285 

18546 

24B.  M. 
31 

1/14 

Macoupin 

6 

14.16 
Dry 

35.53 
41.39 

40.21 
46.84 

10.10 
11.77 

3.70 
4.31 

10615 
12366 

14306 

18553 

2<B.  M. 

31 

1/14 

Macoupin 

6 

13.59 
Dry 

37.20 
43.06 

39.33 
46.52 

9.88 
11.43 

3.86 
4.47 

10701 
12384 

14272 

18910 

"B.  M. 

31 

1/14 

Macoupin 

6 

13.38 
Dry 

36.88 
42.09 

37.60 
42.80 

13.24 
16.11 

5.05 
6.76 

10361 
11825 

14329 

5067 

72 

7/12 

Madison 

6 

13.08 
Dry 

38.03 
43.75 

37.07 
42.66 

11.82 
13.60 

6.22 
6.01 

.25 
.28 

10543 
12129 

14423 

5068 

72 

7/12 

MadiBon 

6 

13.53 
Dry 

37.26 
43.84 

40.98 
46.53 

8.23 
10.63 

3.81 
4.37 

.30 
.23 

10903 
12687 

14363 

5069 

72 

7/12 

Madison 

6 

14.86 
Dry 

37.32 
43.84 

38.76 
45.53 

9.06 
10.63 

3.73 
4.37 

.20 
.23 

10717 
12687 

14363 

5070 

71 

7/12 

Madison 

6 

12.99 
Dry 

37.73 
43.36 

36.89 
42.40 

12.39 
14.24 

4.43 
6.09 

.72 
.82 

10499 
12066 

14440 

5071 

71 

7/12 

Madison 

6 

12.14 
.  Dry 

41.13 
46.82 

38.00 
43.24 

8.73 
9.94 

3.62 
4.00 

.41 
.47 

11206 
12769 

14426 

5072 

71 

7/12 

Madison 

6 

12.42 
Dry 

39.82 
45.ij3 

37.66 
43.00 

10.11 
11.64 

4.35 
4.96 

.72 
.80 

10909 
12456 

'14398 

5075 

73 

7/12 

Madison 

6 

14.65 
Dry 

39.08 
46.80 

38.03 
44.65 

8.24 
9.66 

3.69 
4.20 

.29 
.34 

10866 
12730 

14347 

5076 

73 

7/12 

Madison 

6 

14.31 
Dry 

38.36 
44.75 

38.32 

44.72 

9.02 
10.63 

3.77 
4.40 

.31 
.37 

10739 
12532 

"i428J 

5078 

73 

7/12 

Madison 

6 

15.18 
Dry 

38.40 
45.27 

38.30 
45.16 

8.12 
9.67 

3.94 
4.64 

.23 
.27 

10751 
12673 

'14284 

5515 

70 

8/12 

Madison 

6 

13.88 
Dry 

37.60 
43.65 

37.74 
43.82 

10.78 
12.63 

4.21 
4.89 

.53 
.61 

10661 
12260 

^14330 

6517 

70 

8/12 

Madison 

6 

12.44 
Dry 

39.10 
44.65 

38.20 
43.64 

10.26 
11. Yl 

5.23 
6.03 

.64 
.73 

10818 
12354 

"14343 

5518 

70 

8/12 

Madison 

6 

12.11 
Dry 

39.32 
44.74 

36.27 
41.26 

12.30 
14.00 

4.92 
5.60 

.47 
.53 

10615 
12076 

'14421 

80G42 

191 

8/21 

Madison 

6 

13.76 
Dry 

37.60 
43.18 

37.63 
43.34 

11.71 
13.48 

4.52 
5.20 

.46 

.62 

10566 
12166 

'14405 

80043 

191 

8/21 

Madison 

6 

13.76 
Dry 

39.10 
46.34 

37.39 
43.35 

9.76 
11.31 

2.89 
3.35 

.75 
.87 

108a5 
12529 

'14382 

80944 

191 

8/21 

Madison 

6 

12.01 
Dry 

38.41 
43.65 

38.46 
43.71 

11.12 
12.64 

3.68 
4.18 

.33 
.38 

10763 
12232 

"14300 

80862 

192 

8/21 

Madison 

6 

11.71 
Dry 

37.44 
42.41 

40.57 
45.95 

10.28 
11.64 

4.32 

4.89 

.38 
.43 

10936 
12386 

'14327 

80863 

192 

8/21 

Madison 

6 

11.19 
Dry 

38.00 
42.79 

40.84 
46.  €8 

9.97 
11.23 

4.12 
4.64 

.47 
.63 

11066 
12460 

'14603 

80864 

192 

8/21 

Madison 

6 

12.02 
Dry 

36.62 
40.49 

41.79 
47.50 

10.57 
12.01 

3.69 
4.19 

.48 
.65 

10888 
12376 

'14604 

3*  Fieldner,  A.  C,  and  others,  Analyses  of  coal:    U.  S.  Bureau  of  Mines  Bull.  123,  p  .34, 1918. 
—3  GB 
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Table  2. — Analyses  of  mine  samples  (not  exactly  indicative  of  commercial 

output)  — Continued. 


4> 
M 

B 

a 
o 


1556 
1608A 
1609 
1611 
1780 
1722 
2774 
2775 
2819 
2803 
3611 
3913 
3963 

3958 

■ 
3980 

2772 

2773 

2905 

2896 

1341 

1342 

1417 


a 

a 

O 

C 


County 


2*B.  M. 
32 

"B.  M. 
32 

"B.  M. 

32 

3»B.  M. 
32 

2*B.  M. 
32 

26B.  M. 
33 

2«B.  M. 
34 

2«B.  M. 
34 

^•B.  M. 
34 

28B.  M. 
34 

2<»B.  M. 
35 

2«B.  M. 
35 

2»B.  M. 
35 

"B.  M. 
35 

2<»B.  M. 
35 

2»B.  M. 

36 

2«B.  M. 
36 

2»B.  M. 
36 

2«B.M. 
36 

2«B.  M. 
38 

"B.  M. 

39 

27B.  M. 

39 


4/05 


4/05 


4/05 


4/05 


4/05 


4/05 


1/06 


1/06 


1/06 


1/06 


10/06 


10/06 


10/06 


10/06 


10/06 


1/06 


1/06 


1/06 


1/06 


9/04 


9/04 


9/04 


Madison. 


Madison. 


Madison. 


Madison. 


Madison. 


Madison. 


Madison. 


Madison. 


Madison. 


Madison . 


Madison. 


Madison. 


Madison. 


Madison. 


Madison. 


Madison. 


Madison. 


Madison. 


Madison. 


Madison. 


Madison. 


Madison. 


•2 

1 


Proximate  analysis  of  coal 
1st:    "As  received,"  with  total 

moisture 
2nd:    "Dry"  or  moisture  free 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


17.02 
Dry 

12.27 
Dry 

11.87 
Dry 

11.46 
Dry 

10.83 
Dry 

10.69 
Dry 

13.07 
Dry 

12.79 
Dry 

13.47 
Dry 

15.68 
Dry 

14.25 
Dry 

12.69 
Dry 

13.10 
Dry 

12.47 
Dry 

12.25 
Dry 

13.51 
Dry 

13. 83 
Dry 

11.91 
Dry 

13.03 
Dry 

15.09 
Dry 

14.42 
Dry 

12.91 
Dry 


£ 

3 

o 

olatile 
matter 

ixed 
carbon 

•s 

s 

> 

b. 

< 

30.60 
36.88 

37.22 
42.43 

36.57 
41.50 

34.98 
39.51 

36.24 
40.64 

33.08 
37.04 

34.85 
40.09 

35.67 
40.90 

34.35 
39.70 

31.28 
37.10 

3.5.52 
41.42 

37.40 
42.89 

30.78 
35.42 

33.12 
37.84 

33.76 
38.47 

34.64 
40.05 

34.16 
39.64 

35. 65 
40.47 

32.65 
37.54 

31.00 
36.51 

32.18 
37.60 

31.90 
36.63 


35.59 

42.89 

39.16 
44.63 

39.98 
45.36 

36.25 
40.94 

39.75 
44.58 

36.14 
40.47 

42.02 
48.34 

40.25 
46.15 

40.65 
46.98 

37.45 
44.41 

40.79 
47.57 

41.15 
47.13 

40.12 
46.17 

41.85 
47.81 

41.66 
47.48 

41.70 
48.21 

42.24 
49.02 

39.43 
44.76 

39.79 
45.75 

46.49 
54.75 

44.59 
52.11 

43.55 
50.00 


u 

• 

3 

3 
3 

ct 

p 

• 

oc 

O 

PQ 

16.79 
20.23 

11.35 
12.94 

11.58 
13.14 

17.31 
19.55 

13.18 
14.78 

20.09 

22.49 

10.06 
11.57 

11.29 
12.95 

11.53 
13.32 

15.59 
18.49 

9.44 
11.01 

8.76 
10.03 

16.00 
18.41 

12.56 
14.35 

12.33 
14.05 

10.15 
11.74 

9.77 
11.34 

13.01 
14.77 

14.53 
16.71 

7.42 
8.74 

8.81 
10.29 

11.64 
13.37 


3.29 
3.96 

4.66 
5.31 

4.75 
5.39 

4.40 
4.97 

4.53 
5.08 

4.06 
4.55 

3.59 
4.13 

3.94 
4.52 

4.41 
5.10 

3.98 
4.72 

3.72 
4.34 

3.62 
4.15 

4.17 
4.80 

4.37 
4.99 

4.42 
5.04 

4.01 
4.64 

4.10 
4.76 

5.34 
6.06 

4.35 
5.01 

.83 
.98 

1.52 
1.78 

1.32 
1.52 


9319 
11230 


10768 
12218 

10026 
11324 

10816 
12130 

9713 
10876 

10949 
12596 


10510 
12126 

9655 
11450 

10892 
12703 

11236 
12868 

9983 
11488 

10667 
12186 

10719 
12215 

10881 
12580 


14900 


14422 


14541 


14616 


14560 
14533 


14331 


14480 


14564 
14569 


145n 


14598 


14578 
i43«6 


10615 
12049 

10192 
11718 

11151 
13133 


10804 
12406 


14551 
14479 
14533 


14554 


*«  Lord,  N.  W.,  and  others,  Analyses  of  coals:    U. 
28  Ibid.,  p.  87. 
27  Ibid.,  p.  88. 


S.  Bureau  of  Mines  Bull.  22,  pt.  1,  p.  86. 1918. 
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Table  2. — Analyses  of  mine  samples  (not  exactly  indicative  of  commercial 

output) — Continued. 


B 

d 

a 


S 

n 

o 

3 


B 

a 
S 

a 


«s 
Q 


County 


T3 

i^ 


o 


Proximate  analyais  of  coal 
let:    "As  received,"  with  total 

moisture 
2nd :    * '  Dry ' '  or  moisture  free 


.S 


£% 

a 
o 

olati 

mati 

ixed 
carb 

•^ 

> 

^ 

< 

h 

3 

■ 

9 

a 

3 

o 

• 
• 

OS 

o 

n 

2270 

2271 

2852 

2«20 

10956 

10957 

10S58 

10959 

5039 

3041 

5044 

80737 

80738 

80739 

80740 

80741 

80742 

80605 

80696 

80697 

1725 


2«B.  M. 
39 

9/04 

38B.  M. 
39 

9/04 

28B.  M. 
39 

9/04 

"B.  M. 

39 

9/04 

2»B.  M. 
40 

9/10 

»»B.  M. 
40 

9/10 

2»B.  M. 
40 

9/10 

2»B.  M. 
40 

9/10 

87 

6/12 

87 

6/12 

87 

6/12 

206 

8/21 

206 

8/21 

206 

8/21 

206 

8/21 

206 

8/21 

206 

8/21 

207 

8/21 

207 

8/21 

207 

8/21 

30B.  M. 
52 

6/05 

Madison. 


Madison. 


Madison. 


Madison. 


Madison. 


Madison. 


Madison. 


Madison. 


Marion. 


Marion. 


Marion. 


Marion. 


Marion. 


Marion. 


Marion. 


Marion. 


Marion. 


Marion. 


Marion. 


Marion. 


Marion. 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


15.23 
Dry 

31.42 
37.06 

44.32 
52.29 

9.03 
10.65 

1.59 
1.88 

17.79 
Dry 

28.78 
35.01 

42.34 
51.50 

11.09 
13.49 

1.40 
1.70 

15.54 
Dry 

31.26 
37.01 

42.27 
50.05 

10.93 
12.94 

1.38 
1.63 

15.30 
Dry 

30.59 
36.12 

43.40 
51.24 

10.71 
12.64 

1.43 
1.69 

12.94 
Dry 

35.76 
41.07 

41.92 
48.16 

9.38 
10.77 

3.65 
4.19 

12.31 
Dry 

37.57 
42.84 

41.09 
46.86 

9.03 
10.30 

3.58 
4.08 

12.81 
Dry 

36.31 
41.64 

41.35 
47.43 

9.53 
10.93 

3.28 
3.76 

12.70 
Dry 

36.36 
41.65 

41.47 
47.50 

9.47 
10.85 

3.67 
4.20 

10.06 
Dry 

37.96 
42.21 

41.09 
45.69 

10.89 
12.10 

3.92 
4.35 

10.35 
Dry 

36.04 
40.20 

42.81 
47.75 

10.80 
12.05 

4.10 
4.57 

10.96 
Dry 

36.54 
41.04 

40.68 
45.69 

11.82 
13.27 

4.00 
4.52 

9.11 
Dry 

36.82 
40.51 

41.83 
46.02 

12.24 
13.47 

4.53 

4.  £8 

9.05 
Dry 

37.00 
40.68 

41.78 
45.94 

12.17 
13.38 

4.  S3 
5.42 

9.19 
Dry 

36.99 
40.73 

41.94 
46.19 

11.88 
13.08 

3.39 
3.73 

11.32 
Dry 

35.62 
40.17 

42.16 
47.54 

10.90 
12.29 

3.68 
4.49 

11.36 
Dry 

35.35 
39.88 

42.99 
48.50 

10.30 
11.62 

4.03 
4.55 

9.59 
Dry 

36.93 
40.85 

42.67 
47.19 

10.81 
11.96 

3.51 
3.88 

9.87 
Dry 

35.92 
39.85 

44.41 
49.28 

9.80 
10.87 

3.65 
4.05 

10.63 
Dry 

37.26 
41.63 

42.04 
47.04 

10.07 
11.27 

2.87 
3.21 

10.74 
Dry 

36.97 
41.42 

40.48 
45.35 

11.81 
13.23 

3.31 
3.71 

10.25 
Dry 

37.43 
41.70 

39.79 
44.34 

12.53 
13.96 

3.70 
4.12 

.59 
.66 

.25 
.28 

.43 
.48 

.32 
.35 

.15 
.16 

.74 
.81 

.10 
.11 

.15 
.17 

.44 
.49 

.16 
.18 

.39 
.44 

.76 
.85 


10901 
12859 


10507 
12438 


10973 
12604 

11115 
12676 

11023 
12641 

10989 
12587 

11289 
12555 

11227 
12522 

11002 
12364 

11119 
12233 

11143 
12252 

11243 
12381 

11056 
12467 

11137 
12564 

11311 
12511 

11494 
12753 

11259 
12598 

11048 
12377 

11077 
12343 


14593 


14432 


14399 


14395 
14676 
14396 


14589 


14551 


14583 


14487 


14838 


14621 


14528 


14521 


14499 


14587 


14451 


14571 
14680 


2«  Ibid. 

2»  Fieldner,  A.  C,  and  others.  Analyses  of  ccal:    U.  8.  Bureau  of  Mines  Bull.  85,  p.  36, 1914. 

>o  Lord,  N.  W.,  and  others,  Analyses  of  coals:    U.  S.  Bureau  of  Mines  Bull.  22,  pt.  1,  p.  88, 1913. 
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Table  2. — Analyses  of  mine  samples  (not  exactly  indicative  of  commercial 

output)  ^-Continued. 


a 

a 

I 

o 
,0 


kl 

J 

B 

:3 

a 

S 

5 

T) 

flS 

a 

Q 

County 


I 
1 


Proximate  anabrais  of  ooal 
let:    "ABroceivea,"  with  total 

moisture 
2nd:    "Dry"  or  moisture  free 


S 

.9 

o 


o  a 
> 


ft* 


M 

9 

a 

c« 

• 

g 

P 

■ 

CO 

0 

n 

1726 

»0B.  M. 
52 

6/05 

1761 

»0B.  M, 
52 

6/05 

5105 

76 

7/12 

5106 

76 

7/12 

5107 

76 

7/12 

5516 

77 

8/12 

81101 

194 

8/21 

81102 

194 

8/21 

81103 

194 

8/21 

81093 

195 

8/21 

81094 

195 

8/21 

81095 

195 

8/21 

81089 

196 

8/21 

81090 

196 

8/21 

81091 

196 

8/21 

81097 

197 

8/21 

81098 

197 

8/21 

81099 

197 

8/21 

1661 

3»B.  M. 
43 

5/05 

1440 

3»B.  M. 
43 

5/05 

1450 

8IB.  M. 
43 

6/05 

1557 

»»B.M. 
43 

5/05 

Marion. 
Marion. 


Montgomery... 


Montgomery... 


Montgomery. . 


Montgomery... 


Montgomery. 


Montgomery. 


Montgomery.. 


Montgomery. 


Montgomery... 


Montgomery... 


Montgomery. 


Montgomery. 


Montgomery. 


Montgomery... 


Montgomery... 


Montgomery 


Montgomery... 


Montgomery... 


Montgomery.. 


Montgomery... 


6 
6 
6 
6 
6 


6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 


11.88 
Dry 

9.95 
Dry 

14.15 
Dry 

13.83 
Dry 

13.70 
Dry 

14.00 
Dry 

12.84 
Dry 

13.28 
Dry 

13.46 
Dry 

12.65 
Dry 

11.66 
Dry 

14.32 
Dry 

11.38 
Dry 

12.53 
Dry 

12.47 
Dry 

14.97 
Dry 

14.49 
Dry 

14.69 
Dry 

12.90 
Dry 

14.89 
Dry 

13.94 
Dry 

14.43 
Dry 


35.84 
40.67 

34.76 
38.60 

36.96 
43.05 

36.95 
42.88 

37.25 
43.17 

36.88 
42.88 

37.08 
42.54 

36.02 
41.54 

35.80 
41.37 

36.14 
41.37 

37.25 
42.17 

34.82 
40.64 

37.05 
41.81 

36.21 
41.40 

37. 13 
42.42 

34.87 
41.01 

34.60 
40.46 

34.56 
40.51 

33.77 
38.77 

34.80 
40.89 

33.93 
39.43 

29.48 
34.45 


43.45 
49.31 

42.06 
46.71 

38.19 
44.48 

39.22 
45.51 

37.93 
43.94 

40.02 
46.54 

40.56 
46.54 

40.55 
46.76 

41.36 
47.79 

41.55 
47.57 

41.31 
46.76 

41.97 
48.98 

40.98 
46.24 

40.35 
46.13 

40.54 
46.32 

41.80 
49.16 

42.45 
49.65 

41.14 
48.23 

42.25 
48.51 

42.44 
49.86 

41.22 
47.89 

42.81 
50.03 


8.83 
10.02 

13.23 
14.69 

10.70 
12.47 

10.00 
11.61 

11.12 
12.89 

9.10 
10.58 

9.52 
10.92 

10.15 
11.70 

9.38 
10.84 

9.66 
11.06 

9.78 
11.07 

8.89 
10.88 

10.59 
11.95 

10.91 
12.47 

9.86 
11.26 

8.36 
9.83 

8.46 
9.89 

9.61 
11.26 

11.08 
12.72 

7.87 
9.25 

10.91 
12.68 

13.28 
15.52 


3.25 
3.69 

3.87 
4.30 

8.43 
4.00 

3.72 
4.32 

4.39 
5.08 

3.84 
4.47 

3.58 
4.11 

4.15 
4.79 

4.48 
5.18 

3.87 
4.43 

3.69 
4.18 

3.94 
4.60 

4.26 
4.81 

4.61 
6.27 

4.41 
5.04 

3.41 
4.01 

3.83 
4.48 

4.32 
5.06 

3.78 
4.34 

3.61 
4.24 

3.79 
4.40 

4.01 
4.69 


.91 
1.06 

.91 
1.05 

1.04 
1.20 

.48 
.57 

.71 
.81 

.64 
.74 

.13 
.16 

.50 
.57 

.69 
.78 

.16 
.19 

.96 
1.08 

.85 
.97 

.40 
.46 

.44 

.52 

.36 
.42 

.47 
.55 


10960 
12172 

10547 
12285 

10728 
12455 

10444 
12102 

10761 
12511 

10894 
12499 

10671 
12305 

10774 
12450 

10793 
12356 

11053 
12512 

10687 
12473 

10832 
12223 

10705 
12258 

10861 
12408 

10697 
12580 

10643 
12446 

10425 
12220 

10856 
12463 

11016 
12944 


10064 
11761 


14620 


14329 


14382 


14225 


14268 


14308 


14239 


14289 


14171 


14345 
14530 


14189 


14341 


14284 


14200 


14070 


14069 


14599 
14581 


14289 


»i  Lord,  N.  W.,  and  others.  Analyses  of  coals:    U.  S.  Bureau  of  Mines  Bull.  22,  pt.  1,  p.  89, 1913. 
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Table  2. — Analyses  of  mine  samples  (not  exactly  indicative  of  commercial 

output) — Continued. 


B 

a 
a 

I 


*4 

e 
.Q 

S 

g  ® 


County 


Proximate  analysis  of  coal 
Ist:    "As  received,"  with  total 

moisture 
2nd :    * '  Dry  "or  moisture  free 


1702 

«iB.M. 
43 

5/05 

1627 

8»B.  M. 
43 

5/05 

11352 

»2B.  M. 
44 

11/10 

11353 

"B.  M. 

44 

11/10 

11354 

»«B.  M. 
44 

11/10 

21901 

asB.  M. 
45 

4/15 

21902 

33B.  M. 
45 

4/15 

21903 

"B.  M. 
45 

4/16 

21904 

3»B.  M. 
45 

4/15 

21905 

"B.  M. 

45 

4/15 

21906 

"B.  M. 

46 

4/15 

5254 

225 

8/12 

5255 

225 

8/12 

5256 

225 

8/12 

4756 

54 

3/12 

4759 

54 

3/12 

4760 

54 

3/12 

4764 

54 

3/12 

4766 

54 

3/12 

4768 

54 

3/12 

5034 

90 

6/12 

5037 

90 

8/12 

Montgomery. 


Montgomery. 


Montgomery. 


Montgomery... 


Montgomery., 


Montgomtfy. 


Montgomery. 


Montgomery. 


Montgomery. 


Montgomery. . 


Montgomery... 


Moultrie. 


Moultrie. 
Moultrie. 

Perry 

Perry 

Perry 

Perry 

Perry.... 

Perry 

Perry 

Perry 


6 
6 
6 
6 
6 
6 
6 


6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 


a 

.s 

*o 


11.93 
Dry 

13.20 
Dry 

13.23 
Dry 

12.99 
Dry 

13.31 
Dry 

14.87 
Dry 

12.70 
Dry 

13.04 
Dry 

13.43 
Dry 

13.31 
Dry 

13.48 
Dry 

7.07 
Dry 

7.18 
Dry 

6.24 
Dry 

10.32 
Dry 

10.41 
Dry 

10.22 
Dry 

0.98 
Dry 

9.64 
Dry 

10.05 
Dry 

10.60 
Dry 

11.20 
Dry 


•II 

> 


29.99 
34.05 

34.33 
39.55 

34.45 
39.70 

32.86 
37.77 

33.62 
38.78 

33.42 
39.26 

35.52 
40.69 

34.06 
39.17 

35.06 
40.50 

34.86 
40.21 

34.84 
40.27 

39.02 
41.99 

38.09 
41.03 

40.34 
43.03 

34.03 
37.94 

33.43 
37.32 

33.32 
37.11 

33.71 
37.45 

33.49 
37.06 

33.24 
36.94 

37.03 
41.42 

37.29 
42.00 


a 

M  St 


.4 
< 


u 

;3 

• 

M 

9 

P 

• 

•** 

• 

^ 

o 

n 

43.90 
49.85 

39.94 
46.01 

42.37 
48.83 

40.33 
46.35 

41.34 
47.69 

40.70 
47.81 

40.16 
46.00 

39.58 
45.51 

40.06 
47.31 

40.42 
46.63 

40.13 
i6.88 

43.01 
46.28 

41.88 
44.59 

42.55 
45.38 

46.19 
51.51 

45.82 
51.14 

47.60 
53.03 

44.91 
49.88 

45.60 
50.47 

45.85 
50.98 

42.32 
47.35 

40.57 
45.69 


14.18 
16.10 

12.53 
14.44 

9.95 
11.47 

13.82 
15.88 

11.73 
13.53 

11.01 
12.93 

11.62 
13.31 

13.32 
15.82 

10.55 
12.19 

11.41 
13.16 

11.55 
18.85 

10.90 
11.73 

13.35 
14.38 

10.87 
11.59 

9.46 
10.55 

10.34 
11.54 

8.86 
9.86 

11.40 
12.67 

11.27 
12.47 

10.86 
12.08 

10.05 
11.23 

10.94 
12.31 


4.29 
4.87 

4.47 
5.15 

3.57 
4.11 

4.06 
4.67 

3.75 
4.33 

3.26 
3.88 

4.15 
4.75 

4.84 
6.57 

8.82 
4.41 

4.02 
4.64 

4.03 
4.66 

3.69 
3.97 

5.18 
5.58 

3.18 
8.39 

1.07 
1.18 

.88 
.98 

1.04 
1.15 

.84 
.93 

.82 
.90 

.93 
1.04 

3.73 
4.17 

3.20 
3.60 


.36 
.39 

.46 
.49 

.89 
.05 

.24 

.26 

.23 
.25 

.23 
.25 

.33 
.37 

.35 

.39 

.63 
.70 

.62 
.70 

.34 
.39 


10303 
11698 

10614 
12112 


10548 
12168 

10478 
12308 

10660 
12220 

10301 
11846 

10732 
12308 

10620 
12251 

10548 
12191 

11912 
12819 

11573 
12468 

12149 
12957 

11396 
12705 

11486 
12822 

11270 
12553 

11205 
12447 

11230 
124^ 

11257 
12513 

11175 
12500 

10911 
12287 


14829 


145S0 


14304 


14419 


14432 


14388 


14426 


14488 


14402 


14786 


14078 


14987 


14880 


14367 


14383 


14452 


14304 


14424 


14366 
14288 


II  £i«M»cr.  A.  C.,  and  others.  Analyses  of  coal:    U.  S.  Bureau  of  Mines  Bull.  85,  p.  37, 1014. 
»8  Fieldner,  A.  C,  and  others,  Analyses  of  coal.    U.  S.  Bureau  of  Mines.  Bull.  128,  p.  35. 1018. 
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Table  2. — Analyses  of  mine  samples  (not  exactly  indicative  of  commercial 

output) — Continued. 


s 

9 


I 

6 

a 
a 

8 

a 


3 
& 


County 


Proximate  analvsis  of  coal 
Ist:    "As  received/' with  total 
I  moisture 

■2nd:    "Dry"  or  moisture  free 


•? 


oisturc 

olatile 
matter 

'1 

.as 

S 

1 

> 

El, 

^ 


3 

M 
GO 


A 


5038 

5040 

5042 

5043 

5048 

5049 

5050 

5514 

5519 

5520 

12596 

12597 

12598 

12574 

12575 

12576 

12577 

12578 

12579 

12595 

12620 

12621 

12622 


90 

6/12 

90 

6/12 

90 

6/12 

90 

6/12 

88 

7/12 

88 

7/12 

88 

7/12 

89 

8/12 

89 

8/12 

89 

8/12 

175 

5/21 

175 

5/21 

175 

5/21 

176 

5/21 

176 

5/21 

176 

5/21 

176 

5/21 

176 

5/21 

176 

5/21 

177 

5/21 

178 

5/21 

178 

5/21 

178 

5/21 

Perry 
Perry 
Perry 
Perry 
Perry 
Perry 
Perry 
Perry 
Perry 
Perry 
Perry 
Perry 
Perry 
Perry 
Perry 
Perry 
Perry 
Perry 
Perry 
Perry 
Perry 
Perry 
Perry 


6 

10.60 
Dry 

6 

11.60 
Dry 

6 

10.82 
Dry 

6 

10.89 
Dry 

6 

9.37 
Dry 

6 

9.34 
Dry 

6 

10.11 
Dry 

6 

12.43 
Dry 

6 

12.76 
Dry 

6 

12.17 
Dry 

6 

10.11 
Dry 

6 

10.16 
Dry 

6 

10.16 
Dry 

6 

9.26 
Dry 

6 

9.52 
Dry 

6 

10.01 
Dry 

6 

10.61 
Dry 

6 

10.14 
Dry 

6 

11.52 
Dry 

6 

9.45 
Dry 

6 

9.29 
Dry 

6 

10.19 
Dry 

6 

9.84 
Dry 

35.09 
40.25 

37.03 
41.89 

37.83 
42.42 

36.81 
41.29 

36.87 
40.68 

37.97 
41.88 

36.44 
40.54 

35.55 
40.59 

35.18 
41.79 

36.42 
41.46 

35.92 
39.96 

35.53 
39.55 

35.49 
39.50 

39.03 
43.01 

36.11 
39.91 

36.39 
40.44 

36.25 
40.55 

35.55 
39.56 

34.89 
39.43 

35.01 
38.66 

35.59 
39.24 

34.23 
38.12 

35.15 
38.98 


43.05 
48.16 

42.17 
47.71 

41.52 
46.56 

41.23 
46.27 

41.05 
45.29 

41.32 
45.58 

41.45 
40.12 

42.86 
48.64 

44.32 
49.34 

42.41 
48.28 

43.55 

48.45 

44.84 
49.91 

42.89 
47.74 

42.31 
46.63 

43.88 
48.50 

43.99 
48.88 

43.49 
48.65 

43.07 
47.93 

43.18 
48.80 

41.93 
46.31 

42.81 
47.19 

40.62 
46.34 

43.16 

47.87 


10.36 
11.59 

4.18 
4.67 

.47 
.53 

9.20 
10.40 

3.84 
4.34 

.38 
.43 

9.83 
11.02 

2.98 
3.34 

.76 
.85 

11.07 
12.44 

3.71 
4.16 

.55 
.52 

12.71 
14.02 

4.62 
4.83 

.43 

.47 

11.37 
12.54 

3.16 
3.48 

1.42 
1.56 

12.00 
13.34 

3.59 
3.96 

.75 
.81 

9.16 
10.47 

4.80 
5.48 

.21 
.25 

7.74 
8.87 

1.66 
1.90 

.15 
.17 

9.00 
10.26 

1.96 
2.23 

.46 
.52 

10.42 
11.59 

3.62 
4.03 

.56 
.62 

9.47 
10.54 

3.46 
3.85 

.11 
.12 

11.46 
12.76 

3.92 
4.36 

.42 
.47 

9.40 
10.36 

3.38 
3.73 

.30 
.33 

10.49 
11.53 

3.47 
3.84 

.35 
.39 

9.61 
10.68 

3.87 
3.19 

.84 
.84 

9.65 
10.80 

3.40 
3.68 

.50 
.56 

11.24 
12.51 

3.49 
3.89 

.40 
.45 

10.41 
11.77 

2.99 
3.88 

.51 
.58 

13.61 
U.03 

3.84 
4.24 

.86 
.95 

12.31 
13.57 

3.31 
3.65 

.32 
.34 

13.96 
15.54 

5.43 
6.05 

.37 
.40 

11.85 
13.15 

3.54 
3.93 

.28 
.30 

11012 
12317 

11107 
12570 

11210 
12570 

10826 
12277 

10936 
12067 

11099 
12243 

10915 
12141 

11063 
12632 

11357 
13018 

11200 
12753 

11661 
12422 

11368 
12654 

11041 
12290 

11449 
13617 

11330 
12522 

11313 
12572 

11125 
12445 

10979 
12218 

10887 
12305 

10763 
11886 

11019 
12148 

10486 
11676 

10942 
12137 


14228 


14301 


14380 


1431» 


14395 


14276> 


14321 


1442? 


1445S 
14414 


14332 


14405 


14402 


14328 


14218 


14314 


1420S 


14257 


14205 


14334 


14358 


14359 
14275 
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Table  2. — Analyses  of  mine  samples  (not  exactly  indicative  of  commercial 

output) — Continued. 


1 

s 

C 

o 

Xi 

£ 


6 

e 

C 


Q 


County 


Xi 


Proximate  analysis  of  coal 
Ut:    "As  receivea,"  with  total 

moisture 
2nd:    "Dry"  or  moisture  free 


I 

■♦J 
o 


O  B 

> 


C 

o 

_      U4 


•s 


J3 

-3 


h 

3 
.£3 

• 

9 

3 

P 

•*» 

CO 

o 

0 

s 


12664 
12665 
12623 
12624 
12614 
12615 
12616 
31033 
31034 
31035 
31036 
12592 
12593 
12594 
12588 
12589 
12590 
12591 
20728 
20720 
20730 
20731 


170 
179 
180 
180 
180 
180 
180 
181 
181 
181 
181 
182 
182 
182 
184 
184 
184 
184 


34B.  M. 
29 

3*B.  M. 

29 

3<B.  M. 

20 

34B.  M. 

29 


6/21    Perry. 


6/21 


Perry. 


6/21    Perry. 


6/21   Perry. 


5/21    Perry. 


5/21 


5/21 


10/18 


10.18 


10/18 


10/18 


5/21 


5/21 


5/21 


5/21 


5/21 


5/21 


5/21 


10/15 


10/15 


10/15 


10/15 


Perry. 


Perry. 


Perry. 


Perry. 


Perry. 


Perry. 


Perry. 


Perry. 


Perry. 


Perry. 


Perry. 


Perry. 


Perry. 


Perry. 


Perry. 


Perry. 


Perry. 


6 

8.79 
Dry 

6 

8.88 
Dry 

6 

8.29 
Dry 

6 

8.91 
Dry 

6 

10.00 
Dry 

6 

9.89 
Dry 

6 

9.49 
Dry 

6 

12.34 
Dry 

6 

12.19 
Dry 

6 

11.93 
Dry 

6 

11.86 
Dry 

6 

9.06 
Dry 

6 

9.00 
Dry 

6 

0.21 
Dry 

6 

8.13 
Dry 

6 

7.56 
Dry 

6 

8.28 
Dry 

6 

8.00 
Dry 

6 

10.88 
Dry 

6 

10.20 
Dry 

6 

11.47 
Dry 

6 

10.64 
Dry 

36.91 
40.47 

37.82 
41.51 

34.61 
37.74 

33.28 
36.53 

32.79 
36.44 

33.47 
37.14 

34.09 
37.67 

33.48 
38.19 

34.16 
38.00 

33.50 
38.04 

34.13 
38.72 

36.59 
40.24 

35.80 
39.34 

35.02 
38.57 

38.22 
41.60 

37.65 
40.73 

39.19 
42.73 

37.60 
40.87 

32.97 
37.00 

33.08 
36.84 

32.05 
66.20 

32.78 
36.68 


43.31 

47.48 

10.99 
12.05 

42.73 
46.80 

10.57 
11.60 

48.18 
52.54 

8.92 
9.72 

47.11 
51.72 

10.70 
11.75 

48.09 
54.43 

8.22 
9.13 

47.05 
52.22 

0.50 
10.64 

46.22 
51.06 

10.20 
11.27 

45.02 
51.36 

0.16 
10.45 

44.50 
50.68 

0.15 
10.42 

45.35 
51.49 

0.22 
10.47 

44.63 
50.64 

0.38 
10.64 

43. 13 
47.43 

11.22 
12.33 

44.03 
48.39 

11.17 
12.27 

44.58 
40.10 

11.19 
12.33 

42.61 
46.38 

11.04 
12.02 

43.56 
47.12 

11.23 
12.15 

41.95 
45.74 

10.58 
11.53 

42.27 
45.95 

12.13 
13.18 

47.20 
52.96 

8.05 
10.04 

49.63 
55.26 

7.00 
7.00 

48.44 
54.72 

8.04 
0.08 

48.93 
54.76 

7.66 
8.56 

3.43 
3.76 

3.38 
3.71 

1.07 
1.17 

.95 
1.04 

.77 
.86 

1.35 
1.50 

1.21 
1.33 

1.82 
2.08 

1.32 
1.50 

1.36 
1.54 

1.46 
1.66 

3.73 
4.10 

3.86 
4.24 

3.55 
3.01 

3.73 
4.06 

3.71 
4.01 

3.40 
3.81 

3.38 
3.87 

1.15 
1.29 

.80 
.80 

.02 
1.04 

.68 
.76 


.10 
.21 

11300 
12201 

.06 
.06 

11200 
12204 

.25 
.27 

11703 
12761 

.05 
.06 

11355 
12466 

.12 
.14 

11570 
12855 

.43 

.48 

11424 
12678 

.18 
.20 

11432 
12632 

11171 
12744 

11245 
12805 

11257 
12782 

11236 
12748 

.37 
.41 

11126 
12235 

.46 
.51 

11097 
12105 

.40 
.44 

11104 
12327 

.58 
.64 

11206 
12296 

.52 
.57 

11336 
12263 

.43 
.47 

11406 
12436 

.57 
.62 

11124 
12001 

11380 
12760 

11749 
13082 

11446 
12020 

11621 
13005 

14368 

14287 

14202 

14311 

14288 

14372 

14426 

14434 

14479 

14447 

14426 

14246 

i4l04 

14356 

14262 

14245 

14329 

14218 

14411 

14329 

14369 

14352 


^*  Fieldner,  A.  C,  and  others,  Analyses  of  coal:    U.  S.  Bureau  of  Mines  Bull.  123,  p.  35. 1018. 


40 

Table  2. — Analyses  of  mine  samples  (not  exactly  indicative  of  commercial 

output) — Continued. 


a 

a 

§ 

3 


a 

I 


I 


County 


I 
I 


Proximate  anals^is  of  coal 
Ist:    **Aa  received,"  with  total 

moisture 
2nd:    "Dry"  or  moiature  free 


.9 


■as 


■si 


.4 

■5 


^ 

• 

.a 

3 

JO, 

"3 

p 

• 

OQ 

o 

n 

e 


20732 

»*B.  M. 
20 

10/15 

20733 

»*B.  M. 
29 

10/15 

20734 

»*B.  M. 

•    29 

10/15 

26462 

3S 

12/16 

26463 

35 

12/16 

26464 

36 

12/11 

26465 

35 

12/16 

26466 

35 

12/16 

26467 

36 

12/16 

26469 

36 

12/16 

5045 

83 

8/12 

5046 

83 

8/12 

5047 

83 

8/12 

12583 

229 

5/21 

12584 

229 

5/21 

12585 

229 

5/21 

12562 

298 

5/21 

12563 

208 

5/21 

12564 

208 

5/21 

12565 

208 

5/21 

12566 

208 

5/21 

12567 

208 

5/21 

Perry. 


Perry. 


Perry. 


Perry, 


Perry. 


Perry. 


Perry. 


Perry. 


Perry. 


Perry. 


Randolph. 


Randolph. 


Randolph. 


Randolph. 


Randolph. 


Randolph. 


Randolph. 


Randolph . 


Randolph. 


Randolph. 


Randolph. 


Randolph. 


6 

11.54 
Dry 

32.16 
36.36 

49.35 
55.78 

6.95 
7.86 

.85 
.96 

6 

10.99 
Dry 

32.24 
36.22 

48.32 
54.29 

8.45 
9.49 

.72 
.81 

6 

11.03 
Dry 

32.40 
36.41 

48.64 
54.68 

7.93 
8.91 

.86 
.97 

6 

10.45 
Dry 

33.92 
37.88 

47.88 
53.97 

7.75 
8.65 

.83 
.93 

6 

10.66 
Dry 

33.04 
36.98 

47.60 
53.28 

8.70 
9.74 

.82 
.92 

6 

10.61 
Dry 

33.04 
36.96 

46.72 
52.27 

9.63 
10.77 

1.02 
1.14 

6 

11.26 
Dry 

33.84 
38.13 

46.18 
52.04 

8.72 
9.83 

.80 
.90 

6 

11.75 
Dry 

33.49 
37.95 

45.94 
52.06 

8.82 
9.99 

.78 
.88 

6 

11.47 
Dry 

32.81 
37.06 

47.22 
53.34 

8.50 
9.60 

1.08 
1.22 

6 

13.73 
Dry 

33.99 
39.40 

49.58 
57.47 

2.70 
3.13 

.77 
.89 

6 

11.38 
Dry 

36.94 
41.68 

40.25 
45.41 

11.43 
12.91 

4.16 
4.69 

.72 
.81 

6 

10.62 
Dry 

38.10 
42.63 

39.12 
43.77 

12.16 
13.60 

4.45 
4.98 

.42 

.47 

6 

11.39 
Dry 

36.80 
41.53 

41.04 
46.32 

10.77 
12.15 

4.11 
4.63 

.60 
.67 

6 

8.46 
Dry 

37.00 
40.42 

44.26 
48.35 

10.28 
11.23 

3.69 
4.03 

.29 
.32 

6 

8.71 
Dry 

37.46 
41.04 

4^.94 
47.04 

10.89 
11.92 

4.45 
4.88 

.086 
.094 

6 

8.00 
Dry 

38.05 
41.36 

43.63 
47.42 

10.32 
11.22 

3.69 
4.01 

.162 
.176 

6 

9.54 
Dry 

36.55 
40.41 

43.35 
47.92 

10.56 
11.67 

3.21 
3.55 

.58 
.64 

6 

9.52 
Dry 

37.01 
40.90 

40.86 
45.16 

12.61 
13.94 

4.90 
5.42 

.46 
.51 

6 

9.69 
Dry 

37.31 
41.31 

41.70 
46.17 

11.30 
12.52 

4.15 
4.59 

.50 
.55 

6 

11.07 
Dry 

36.15 
40.66 

41.17 
46.30 

11.61 
13.05 

2.90 
3.47 

.69 
.78 

6 

10.58 
Dry 

35.65 
39.86 

39.85 
44.57 

13.92 
15.57 

3.20 
3.58 

.93 
.98 

6 

10.65 
Dry 

36.25 
40.57 

40.89 
45.76 

12.21 
13.67 

4.32 
4.84 

.52 
.58 

11578 
13088 

11446 
12859 

11578 
13010 

11729 
13097 

11590 
12973 

11412 
12767 

11484 
12942 

11392 
12908 

11484 
12973 

12064 
13984 

10823 
12212 

10849 
12137 

10895 
12294 

11333 
12381 

11155 
12220 

11338 
12324 

11251 
12438 

10971 
12125 

11135 
12330 

10902 
12259 

10526 
11772 

10885 
12182 


14332 


14340 


14426 


14476 


14529 


14485 


14509 


14497 


14514 


14542 


14348 


14400 


14306 


14219 


14181 


14149 


14349 


14463 


14412 


14373 


14273 
14458 


'^  U.  S.  Bureau  of  Mines,  unpublished  analyses. 
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TABUE   fc.^~~". 


Analyses  of  mine  samples  (not  exactly  indicative  of  commercial 

output) — Continued. 


B 

(S 


1 

s 

3 

a 

•o 

5 

& 

County 


1 


Proximate  analysia  of  coal 
1st :    " Ab  received,"  with  total 

moisture 
2nd:    "Dry"  or  moisture  free 


I 

.9 
o 


tile 
tter 

(3 

II 

.as 

> 

p^ 

■? 


>« 

9 

■ 

.a 

9 

5 

• 
• 

QQ 

o 

pq 

a 


12580 

12581 

12582 

12570 

12571 

12572 

12573 

5115 

5116 

5117 

5130 

5131 

5132 

81319 

81320 

81321 

2897 

2896 

3052 

5056 

5058 

5059 


209 

5/21 

209 

5/21 

209 

5/21 

210 

5/21 

210 

5/21 

210 

5/21 

210 

5/21 

75 

8/12 

76 

8/12 

75 

8/12 

74 

7/12 

74 

7/12 

74 

7/12 

193 

9/21 

193 

9/21 

193 

9/21 

»«B.  M. 

42 

2/06 

3«B.  M. 
42 

2/06 

8B.  M. 

42 

2/06 

79 

7/12 

79 

7/12 

79 

7/12 

Riuidolph. 


Randolph. 


Randolph. 


Randolph. 


Randolph. 


Randolph. 


Randolph. 


Sangamon. 
Sangamon. 
Sangamon. 
Sangamon. 
Sangamon. 
Sangamon. 
Sangamon. 
Sangamon. 
Sangamon. 
Sangamon. 
Sangamon, 
Sangamon. 
St.  Clair... 


St.  Clair. 


St.  Clair. 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 
6 
6 
6 
6 


10.35 
Dry 

8.95 
Dry 

9.44 
Dry 

9.62 
Dry 

9.03 
Dry 

9.27 
Dry 

9.42 
Dry 

14.97 
Dry 

14.51 
Dry 

12.98 
Dry 

15.22 
Dry 

13.10 
Dry 

14.43 
Dry 

13.16 
Dry 

13.25 
Dry 

12.95 
Dry 

14.29 
Dry 

14.18 
Dry 

16.00 
Dry 

10.69 
Dry 

12.12 
Dry 

11.12 
Dry 


37.35 
41.75 

36.48 
40.06 

36.89 
40.73 

36.49 
40.37 

37.38 
41.09 

35.55 
39.18 

35.40 
39.08 

36.90 
43.39 

37.60 
43.98 

38.23 
43.94 

38.23 
45.09 

38.86 
44.72 

38.14 
44.58 

36.32 
41.82 

36.73 
42.34 

36.40 
41.82 

37.17 
43.37 

34.85 
40.61 

32.41 
38.58 

40.16 
44.97 

38.61 
43.93 

40.54 
45.61 


41.41 
46.30 

41.87 
45.99 

42.42 
46.84 

42.58 
47.11 

43.63 
47.96 

43.78 
48.25 

41.85 
46.20 

38.36 
45.12 

39.69 
46.43 

38.92 
44.72 

37.36 
44.07 

37.25 
42.86 

37.07 
43.32 

39.36 
45.33 

40.75 
46.97 

40.52 
46.54 

40.36 
47.09 

41.11 
47.90 

37.82 
45.03 

37.87 
42.39 

40.61 
46.22 

38.27 
43.06 


10.69 
11.95 

12.70 
13.95 

11.25 
12.43 

11.31 
12.52 

9.96 
10.95 

11.40 
12.57 

13.33 
14.72 

9.77 
11.49 

8.20 
9.59 

9.87 
11.34 

9.19 
10.84 

10.79 
12.42 

10.36 
12.10 

11.16 
12.85 

9.27 
10.69 

10.13 
11.64 

8.18 
9.54 

9.86 
11.49 

13.77 
16.39 

11.28 
12.64 

8.66 
9.85 

10.07 
11.33 


3.73 
4.17 

4.72 
5.19 

4.31 
4.76 

3.61 
3.99 

3.42 
3.76 

3.10 
3.42 

3.91 
4.32 

3.53 
4.16 

3.44 
4.02 

4.32 
4.96 

4.38 
5.17 

5.08 
5.86 

4.77 
5.58 

4.98 
5.73 

3.53 
4.07 

3.52 
4.04 

4.41 
5.15 

4.36 
5.08 

4.05 
4.82 

4.55 
5.10 

3.10 
3.52 

4.18 
4.70 


.51 
.57 

.66 
.73 

.76 
.83 

.21 
.23 

.39 
.43 

.29 
.32 

.41 
.45 

.59 
.67 

.22 
.25 

.56 
.65 

.38 
.45 

.41 
.47 

.40 
.47 

.51 
.59 

.63 
.73 

.56 
.64 


,58 
,65 

,35 
.39 

.32 
.36 


10991 
12287 

10874 
11943 

11016 
12165 

11215 
12409 

11456 
12593 

11230 
12378 

10858 
11987 

10598 
12466 

10911 
12763 

10845 
12463 

10579 
12478 

10592 
12187 

10495 
12265 

10553 
12152 

10884 
12546 

1081^ 
12427 

11007 
12841 


9940 
11833 

11063 
12387 

11217 
12764 

11145 
12540 


14244 


14233 


14205 


14485 


14408 


14439 


14404 


14861 


14373 
14368 


14301 


14268 


14292 


14301 


14314 


14346 
14485 


14553 


14522 


14399 
14483 


»•  Lord,  N.  W.,  and  others,  Analyses  of  coals:    U.  S.  Bureau  of  Mines  Bull.  22,  pt.  1,  p.  91, 1913. 
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Table  2. — Analyses  of  mine  samples  (not  exactly  indicative  of  commercial 

output) — Continued. 


6 


I 

s 

3 

a 

e 

a 


eS 


County 


Proximate  analynis  of  coal 
1st:    "As received,"  with  total 
I  moisture 

2nd:    "Dry"  or  moisture  free 


1 


3 

.a 

o 


o  c 

> 


c 

K  «J 


9 


o 


3      I       C 


5055 

5060 

5061 

5077 

5079 

5080 

5108 

5109 

5110 

5524 

6525 

5526 

80827 

80828 

80829 

80823 

80824 

80825 

12536 

12537 

12538 

12541 

12542 


78 

78 

78 

81 

81 

81 

82 

82 

82 

80 

80 

80 

200 

200 

200 

201 

201 

201 

202 

202 

202 

203 

203 


7/12 
7/12 
7/12 
7/12 
7/12 
7/12 
7/12 
7/12 
7/12 
7/12 
8/12 
8/12 
8/21 
8/21 
8/21 
8/21 
8/21 
8/21 
5/21 
5/21 
5/21 
5/21 
5/21 


.St.  Qair 
St.  Clair 
St.  Clair 
St.  Clai 
St.  Clai 
St.  Clai 
St.  Clai 
St.  Clai 
St.  Clai 
St.  Clai 
St.  Clai 
St.  Clai 
St.  Clai 
St.  Clai 
St.  CJai 
St.  Clai 
St.  Clai 
St.  Clai 
St.  Clai 
St.  Clai 
St.  Clai 
St.  Clai 
St.  Clai 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


13.06 
Dry 

11.44 
Dry 

10.75 
Dry 

11.35 
Dry 

10.85 
Dry 

11.50 
Dry 

10.99 
Dry 

13.42 
Dry 

11.40 
Dry 

10.11 
Dry 

9.83 
Dry 

10.19 
Dry 

14.93 
Dry 

12.71 
Dry 

13.68 
Dry 

11.64 
Dry 

11.26 
Dry 

12.08 
Dry 

11.45 
Dry 

10.65 
Dry 

11.17 
Dry 

C.72 
Dry 

9.26 
Dry 


38.21 
43.95 

38.73 
43.73 

39.19 
43.91 

39.68 
44.75 

40.75 
45.71 

40.68 
45.96 

38.96 
43.77 

39.23 
45.31 

40.  C6 
46.23 

39.72 
44.19 

39.84 
44.19 

38.44 
42.79 

30.71 
36.10 

31.53 
36.12 

32.10 
37.19 

37.40 
42.33 

37.92 
42.73 

37.02 
42.10 

37.39 
42.22 

35.54 
39.77 

39.20 
44.13 

30.13 
43.34 

40.97 
45.15 


37.36 
42.06 

38.11 
43.04 

38.88 
43.56 

38.59 
43.54 

38.36 
43.03 

37.91 
42.84 

58. 79 
43.59 

36.92 
42.65 

36.89 
41.63 

38.87 
43.24 

37.97 
42.11 

40.41 
45.00 

12.72 
50.22 

45.31 
51.91 

42.59 
49.34 

41.80 
47.30 

39.03 
43.98 

41.58 
47.30 

38.66 
43.66 

40.93 
45.81 

39.20 
44.13 

40.02 
44.33 

39.09 
43.08 


11.37 
13.09 

11.72 
13.23 

11.18 
12.53 

10.38 
11.71 

10.04 
11.26 

9.01 
11.20 

11.26 
12.64 

10.43 
12.04 

10.75 
12.14 

11.30 
12.57 

12.36 
13.70 

10.06 
12.21 

11.64 
13.68 

10.45 
11.07 

11.63 
13.47 

0.16 
10.37 

11.70 
13.29 

9.32 
10.60 

12.50 
14.12 

12.88 
14.42 

10.43 
11.74 

11.13 
12.33 

10.68 
11.77 


3.21 
3.70 

1.17 
1.35 

4.26 
4.81 

.56 
.64 

3.41 
3.82 

.67 
.75 

4.05 
4.57 

.58 
.65 

4.09 
4.58 

.58 
.65 

3.96 
4.47 

.46 
.52 

4.36 
4.00 

.36 
.40 

4.02 
5.60 

.26 
.31 

4.10 
4.63 

.57 
.63 

3.60 
4.10 

.78 
.86 

4.02 
4.45 

.87 
.96 

3.65 
4.40 

.68 
.78 

2.22 
2.61 

.24 
.27 

1.65 
1.80 

.58 
.66 

1.51 
1.75 

1.25 
1.45 

3.66 
4.14 

.35 
.40 

3.66 
4.12 

.67 
.75 

3.77 
4.29 

.17 
.19 

5.21 
5.88 

.32 
.36 

4.21 
4.71 

.88 
.93 

4.44 

5.00 

.31 
.35 

4.87 
5.39 

.72 
.80 

4.36 
4.80 

.53 
.59 

10741 
12354 

10841 
12242 

11041 
12371 

11036 
12440 

11192 
12554 


14515 


14447 


14438 
14404 
1444' 


10908  , 

12597  I  14482 


m    I 


1104< 
12411 

10753 
12419 

11052 

12472 

11051 
12204 

10958 
12152 

11127 
12388 

10340 
12155 

10809 
12383 

10573 
12249 

11177 
12649 

10931 
12318 

11153 


14544 


14474 


14511 


14361 


14415 


14418 


1434? 


14282 


14394 


14376 


14521 


12685 

14715 

10736 
12128 

14517 

10782 
12067 

14459 

11073 
12465 

11228 
12437 

11308 
12462 


14444 


14534 
14438 
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Tabu:  2. — Analyses  of  mine  samples  (not  exactly  indicative  of  commercial 

output) — Continued. 


a 

a 

I 


mm 

Q 
a 
8 
a 


S 
& 


County 


•2 


Proximate  analvsis  of  coal 
lat :    * ' Aa  received, ' '  with  total 

moisture 
2nd:    "Dry"  or  moisture  free 


S 

9 
O 


tile 
tter 

o6 

IS 

> 

f^ 

■3 


3 

• 

.4 

0 

a 

M 

m 

3 

8 

0 

a 


12543 

12544 

12545 

12546 

12559 

12556 

12557 

12558 

4250 

4251 

4376 

1095 

1096 

1261 

1152 

3910 

3912 

4364 

4670 

4671 

4674 


203 


203 


203 


203 


204 


205 


205 


205 


"B.  M. 

49 

»»B.  M. 

49 

3Sfi.  M. 
49 

"B.  M. 

50 

"B.  M. 

50 

3»B.  M. 
50 

3«B.  M. 
50 

"B.  M. 
51 

3»B.  M. 
51 

3«B.  M. 
51 

93 


93 


93 


5/21 


5/21 


5/21 


5/21 


5/21 


5/21 


5/21 


5/21 


11/06 


11/06 


11/06 


9/04 


9/04 


9/04 


9/04 


10/06 


10/06 


10/06 


2/12 


2/12 


2/12 


St.  Clair. 


St.  Clair. 


St.  Clair. 


St.  Clair. 


St.  Clair. 


St.  Clair. 


St.  Clair. 


St.  Clair. 


St.  Clair. 


St.  Clair. 


St.  Clair. 


St.  Clair. 


St.  Clair. 


St.  Clair. 


St.  Clair. 


St.  Clair. 


Vermilion. 


Vermilion. 


Vermilion. 


St.  Clair 6 


St.  Clair. 


6 

11.17 
Dry 

6 

10.59 
Dry 

6 

11.33 
Dry 

6 

10.00 
Dry 

6 

11.52 
Dry 

6 

10.39 
Dry 

6 

9.26 
Dry 

6 

9.36 
Dry 

6 

13.17 
Dry 

6 

14.38 
Dry 

6 

13.10 
Dry 

6 

11.17 
Dry 

6 

10.06 
Dry 

6 

9.75 
Dry 

6 

12.03 
Dry 

6 

10.73 
Dry 

6 

9.88 
Dry 

6 

11.69 
Dry 

6 

13.68 
Dry 

6 

15.50 
Dry 

6 

15.69 
Dry 

39.71 
44.70 

39.83 
44.54 

39.64 
44.70 

40.32 
44.80 

37.20 
42.05 

36.91 
41.19 

37.77 
41.62 

37.18 
41.02 

34.79 
40.07 

33.92 
39.62 

32.16 
37.01 

39.31 
44.25 

40.33 
44.84 

37.48 
41.53 

31.86 
36.22 

39.60 
44.36 

42.26 
46.89 

35. 70 
40.43 

36.28 
42.03 

33.32 
39.43 

34.52 
40.95 


37.52 
42.24 

39.99 
44.73 

39.04 
44.03 

40  28 
44.76 

41.67 
47.09 

41.73 
46.57 

41.08 
45.27 

40.86 
45.08 

41.75 
48.08 

42.95 
50.16 

41.49 
47.74 

39.20 
44.13 

39.54 
43.96 

39.57 
43.84 

33.67 
38.27 

40.41 
45.27 

37.05 
41.12 

39.42 
44.63 

41.37 
47.92 

43.11 
51.03 

42.22 
50.07 


11.60 
13.06 

9.59 
10.73 

9.99 
11.27 

9.40 
10.44 

9.61 
10.86 

10.97 
12.24 

11.89 
13.11 

12.60 
13.90 

10.29 
11.85 

8.75 
10.22 

13.25 
15.25 

10.32 
11.62 

10.07 
11.20 

13.20 
14.63 

22.44 
25.51 

9.26 
10.37 

10.81 
11.99 

13.19 
14.94 

8.67 
10.05 

8.07 
9.54 

7.57 
8.98 


4.63 
5.21 

4.09 
4.57 

3.59 
4.05 

4.43 
4.92 

2.82 
3.19 

2.89 
3.23 

3.01 
3.32 

4.02 
4.44 

3.22 
3.71 

3.13 
3.66 

3.66 
4.21 

4.22 
4.75 

4.04 
4.49 

4.10 
4.54 

4.00 
4.55 

4.12 
4.62 

3.83 
4.25 

4.38 
4.96 

2.78 
3.23 

1.86 
2.20 

1.56 
1.85 


.69 

.78 

.32 
.36 

.18 
.20 

.55 
.61 

.10 
.10 

.74 
.83 

.37 
.41 

.55 
.61 


.45 
.52 

.46 
.62 

.53 
.63 


10826 
12187 

11103 
12419 

11153 
12578 

11386 
12651 

11155 
12607 

11004 
12280 

11170 
12310 

10959 
12091 


10858 
12681 

10393 
11969 

11223 
12034 


11025 
12217 

9149 
10400 


11439 
12694 

10699 
12116 

llIOl 
12861 

10976 
12989 

11019 
13085 


14362 


14192 
14458 


14422 


14394 


14255 


14438 
14378 


14373 


14465 
14610 


14672 


14541 


14733 


14624 


14537 


14558 


14553 


37 
38 
39 


Lord,  N.  W.,  and  others,  Analyses  of  coals:    U. 
Ibid.,  p.  90. 
Ibid.,  p.  80. 


S.  Bureau  of  Mines  Bull.  22,  pt.  1.  p.  89, 1913. 
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Table  2. — Analyses  of  mine  samples  (not  exactly  indicative  of  commercial 

output)  — Continued. 


S 


a 


County 


J 


Proximate  analysis  of  coal 
Ist:  "As  received,"  with  total 

moisture 

2nd:  "Dry"  or  moisture  free 

3 

f 

OQ 

8 

• 

• 

g 

1 

Volatile 
matter 

Fixed 
carbon 

1 

4676 

93 

2/12 

4678 

93 

2/12 

4679 

93 

2/12 

4702 

92 

3/12 

4703 

92 

3/12 

4704 

92 

3/12 

4706 

95 

3/12 

4707 

95 

3/12 

4740 

91 

6/12 

4741 

91 

6/12 

4742 

91 

6/12 

4743 

91 

6/12 

4744 

91 

6/12 

4745 

91 

6/12 

4746 

91 

6/12 

84222 

212 

2/22 

84223 

212 

2/22 

84224 

212 

2/22 

14682 

*0B.  M. 
53 

/lO 

25413 

*»B.  M. 
54 

6/16 

5030 

86 

6/12 

5033 

86 

6/12 

• 

Vermilion. 


Vermilion. 


Vermilion. 


Vermilion. 


Vermilion. 


Vermilion. 


Vermilion. 


Vermilion. 


Vermilion. 


Vermilion . 


Vermilion. 


Vermilion. 


Vermilion. 


Vermilion. 


Vermilion. 


Vermilion. 


Vermilion. 


Vermilion. 


Vermilion. 


Vermilion. 


Washington.. 


Washington. . 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


14.56 
Dry 

16.06 
Dry 

15.95 
Dry 

15.53 
Dry 

15.70 
Dry 

15.27 
Dry 

11.87 
Dry 

13.14 
Dry 

13.58 
Dry 

13.63 
Dry 

14.50 
Dry 

14.20 
Dry 

13.99 
Dry 

14.79 
Dry 

15. 14 
Dry 

13.6 
Dry 

13.8 
Dry 

15.3 
Dry 

16.16 
Dry 

15.62 
Dry 

12.45 
Dry 

10.24 
Dry 


35.04 
41.01 

34.67 
41.32 

34.66 
41.23 

33.60 
39.78 

32.38 
38.81 

33.98 
40.10 

40.37 
46.80 

38.81 
44.69 

35.20 
40.73 

34.56 
40.01 

35.98 
42.09 

35.79 
41.71 

35.26 
40.99 

34.44 
40.42 

33.70 
39.72 

34.0 
39.3 

35.2 
40.8 

32.8 
38.7 

34.09 
40.66 

35.59 
42.18 

37.22 
42.03 

39.06 
43.51 


41.82 
48.95 

40.75 
48.53 

42.06 
50.05 

39.46 
46.70 

39.80 
47.72 

40.88 
48.24 

39.52 
44.86 

38.11 
43.87 

39.83 
46.09 

41.19 
47.69 

40.49 
47.35 

42.05 
49.01 

42.68 
49.63 

42.69 
50.10 

40.19 
47.34 

42.6 
49.5 

41.3 
48.0 

44.1 
52.1 

39.19 
46.75 

39.97 
47.37 

39.81 
44.96 

39.79 
44.33 


8.58 
10.04 

8.52 
10.15 

7.33 
8.72 

11.41 
13.52 

11.36 
13.47 

9.87 
11.66 

8.24 
9.34 

9.94 
11.44 

11.39 
13.18 

10.62 
12.30 

9.03 
10.56 

7.96 
9.28 

8.07 
9.38 

8.08 

9.48 

10.97 
12.94 

9.8 
11.2 

9.7 
11.2 

7.8 
9.2 

10.56 
12.59 

8.82 
10.45 

11.52 
13.01 

10.91 
12.16 


o 

■*» 

a 


2.09 
2.45 

.74 
.86 

11006 
12881 

1.79 
2.14 

.90 
1.07 

10810 
12879 

1.41 
1.68 

.39 
.46 

11041 
13136 

2.32 
2.76 

.98 
1.15 

10404 
12317 

2.57 
3.04 

1.06 
1.26 

10392 
12328 

2.26 
2.66 

.69 
.81 

10718 
12649 

3.07 
3.48 

.74 
.84 

11416 
12853 

4.18 
4.82 

.88 
1.02 

10949 
12604 

3.19 
3.69 

.83 
.96 

10821 
12521 

2.91 
3.36 

.78 
.90 

10954 
12683 

2.43 
2.83 

.44 
.52 

11090 
12971 

1.83 
2.13 

.34 
.39 

11295 
13165 

1.67 
1.94 

.98 
1.14 

11271 
13104 

1.72 
2.02 

.98 
1.15 

11053 
12971 

2.50 
2.95 

.61 
.72 

10663 
12565 

2.4 
2.8 

.83 

.96 

11020 
12750 

2.7 
3.1 

.69 
.80 

11010 
12760 

1.8 
2.1 

.80 
.94 

11100 
13110 

1.74 
2.08 

10433 
12443 

1.68 
1.99 

10845 
12852 

3.62 
4.09 

.67 
.76 

10874 
12281 

4.18 
4.65 

.30 
.34 

11180 
12456 

14527 
14537 
14557 
14526 
14535 
14563 
14525 
14549 
14733 
14747 
14740 
14763 
'  14706 
14519 
14712 

ueoi 

i4620 
14627 

iiiS 

14554 

14426 
14499 


*o  Fieldner,  A.  C,  and  others,  Analyses  of  coal:    U.  S.  Bureau  of  Mines  Bull.  85.  p.  37, 1914. 
*>  Fieldner,  A.  C,  and  others,  Analyses  of  coal:    U.  S.  Buieau  of  Mines  Bull.  123,  p.  35, 1918. 
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Table  2. — Analyses  of  mine  scLmples  (not  exactly  indicative  of  commercial 

output) — Continued. 


a 

a 

e 

I 


6035 

a0680 

80681 

80682 

80694 

80505 

80596 

4998 

5004 

5005 

4096 

5000 

5006 

5121 

5133 

5134 

5122 

5123 

5124 

5125 

5126 

5127 

5170 


a 


S 
& 


County 


86 

6/12 

226 

8/21 

226 

8/21 

226 

8/21 

228 

7/21 

228 

7/21 

228 

7/21 

66 

6/12 

65 

6/12 

65 

6/12 

60 

6/12 

60 

6/12 

60 

6/12 

61 

6/12 

61 

7/12 

61 

7/12 

59 

7/12 

50 

7/12 

59 

7/12 

62 

7/12 

62 

7/12 

62 

7/12 

64 

7/12 

Washington. 


Washington.. 


Washington... 


Washington. 


White. 


White. 


White. 


Williamson. 


Williamson. 


Williamson. 


Williamson... 


Williamson. 


William-son. 


Williamson. 


Williamson. 


Williamson. 


Williamson. 


Williamson. 


Williamson. 


Williamson. 


Williamson. 


Williamson. 


73 

8 


Proximate  analysis  of  coal 
Ist:    "As  received,"  with  total 

moisture 
2nd:    "Dry"  or  moisture  free 


« 
o 


II 

>• 


ll 


^ 

• 

M 

9 

a 
"3 

M 

• 
• 

m 

O 

n 

Williamson. 


6 

10.60 
Dry 

38.76 
43.41 

39.01 
43.66 

11.54 
12.93 

6 

9.58 
Dry 

38.50 
42.68 

39.87 
44.09 

12.05 
13.33 

6 

6.41 
Dry 

39.02 
43.07 

40.33 
44.52 

11.24 
12.41 

6 

9.29 
Dry 

38.46 
42.39 

38.94 
42.93 

18.32 
14.68 

6 

8.20 
Dry 

34.68 
37.78 

48.79 
53.15 

8.33 
9.07 

6 

7.66 
Dry 

36.01 
39.08 

45.62 
49.51 

10.51 
11.41 

6 

0.22 
Dry 

36.05 
38.61 

47.88 
52.74 

7.86 
8.65 

6 

9.35 
Dry 

32.83 
36.21 

50.07 
55.24 

7.75 
8.56 

6 

9.99 
Dry 

33.79 
37.53 

48.56 
53.96 

7.66 
8.51 

6 

8.58 
Dry 

33.95 
37.14 

48.31 
52.84 

9.16 
10.02 

6 

8.32 
Dry 

34.61 
37.75 

47.56 
61.88 

9.51 
10.37 

6 

7.53 
Dry 

34.90 
37.74 

47.37 
51.23 

10.20 
11.03 

6 

8.81 
Dry 

32.13 
35.62 

51.86 
56.38 

7.21 
8.00 

6 

9.44 
Dry 

33.63 
37.13 

49.68 
54.75 

7.35 
8.12 

6 

8.90 
Dry 

34.22 
37.62 

49.51 
54.39 

7.28 
7.99 

6 

9.38 
Dry 

33.62 
37.10 

50.01 
55.18 

6.69 
7.72 

6 

9.79 
Dry 

33.28 
36.89 

48.66 
53.94 

8.27 
9.17 

6 

10.67 
Dry 

32.54 
36.42 

47.32 
62.97 

9.47 
10.61 

6 

10.96 
Dry 

33.14 
37.24 

45.86 
51.49 

10.04 
11.27 

6 

9.97 
Dry 

32.20 
35.76 

49.62 
55.12 

8.21 
9.12 

6 

8.37 
Dry 

34.19 
37.31 

50.18 
54.77 

7.26 
7.92 

6 

9.06 
Dry 

32.93 
36.20 

49.98 
54.97 

8.03 
8.83 

6 

11.61 
Dry 

30.75 
34.76 

49.74 
56.20 

8.00 
9.04 

3.98 
4.47 

4.63 
5.12 

3.69 
3.96 

4.70 
6.18 

2.93 
3.19 

2.75 
2.98 

2.89 
3.18 

1.05 
1.16 

.99 
1.10 

3.10 
3.39 

2.25 
2.46 

3.23 
3.49 

1.00 
1.11 

1.28 
1.42 

1.70 
1.87 

1.12 
1.24 

1.32 
1.46 

1.53 
1.71 

1.72 
1.93 

1.47 
1.63 

1.03 
1.12 

1.03 
1.13 

.84 
.90 


•a 


.61 
.67 

10063 
12275 

.40 
.54 

10006 
12061 

.41 
.45 

11172 
12333 

.66 
.73 

10796 
11002 

.73 
.80 

12070 
13158 

.96 
1.04 

11701 
12609 

.28 
.26 

11001 
13200 

.26 
.29 

12017 
13266 

.06 
.06 

11899 
13218 

.14 
.16 

11845 
12956 

.24 
.26 

11978 
13066 

.60 
.66 

11799 
12760 

.13 
.16 

11962 
13264 

.10 
.21 

12092 
13354 

.04 
.04 

12140 
13349 

.14 
.16 

12138 
13394 

.44 

.49 

11891 
13181 

.15 
.17 

11619 
13006 

.55 
.62 

11383 
12784 

.22 

.25 

11814 
13123 

.18 
.20 

12254 
13374 

.24 
.27 

12010 
13207 

.32 
.36 

11554 
13057 

14418 
14260 
14374 
14321 
HTOO 
14686 
14677 
14644 

Hm 

14644 

iisoi 

14607 
14573 
'14685 
14674 
14654 
14681 
14748 
14624 
14610 
14663 
14637 
14501 


. I 
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Table  2,— Analyses  of  mine  samples  (not  exactly  indicative  of  commercial 

output)  — Continued . 


a 
I 

3 


M69 
^172 
5180 
5181 
5182 
^603 
W602 
80604 
80611 
80610 
«0612 
12793 
12794 
12795 
80615 
«0614 
80616 
12769 
12770 
12771 
30372 
30873 
30S74 


B 

d 

K 

a 


County 


& 


64 

7/12 

64 

7/12 

63 

7/12 

63 

7/12 

63 

7/12 

148 

7/21 

148 

7/21 

148 

7/21 

149 

7/21 

149 

7/21 

149 

7/21 

150 

6/21 

150 

6/21 

150 

6/21 

151 

7,'21 

151 

7/21 

151 

7/21 

152 

6/21 

152 

6/21 

152 

6/21 

153 

10/18 

153 

10/18 

153 

9/18 

Williamson. 


Williamson. 


Williamson. 


Williamson. 


Williamson. 


Williamson. 


Williamson. 


WillUmson. 


Williamson. 


Williamson. 


Williamson. 


Williamson. 


Williamson. 


Williamson. 


Williamson. 


W^illiamson. 


Williamson. 


Williamson. 


Williamson. 


Williamson. 


Williamson. 


Williamson. 


1 


Proximate  analysis  of  coal 
Ist:    "As received, "with total 

moisture 
2nd:    "Dry"  or  moisture  free 


Williamson. 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


9.13 
Dry 

7.38 
Dry 

10.38 
Dry 

8.78 
Dry 

9.26 
Dry 

8.00 
Dry 

8.14 
Dry 

7.85 
Dry 

5.62 
Dry 

5.65 
Dry 

7.66 
Dry 

6.14 
Dry 

5.96 
Dry 

5.85 
Dry 

7.15 
Dry 

6.33 
Dry 

7.25 
Dry 

6.76 
Dry 

7.19 
Dry 

7.14 
Dry 

9.13 
Dry 

8.84 
Dry 

9.75 
Dry 


So 

O  B 

> 


32.03 
35.25 

35.59 
38.42 

32.76 
36.56 

34.25 
37.54 

33.36 
36.76 

33.66 
36.59 

32.87 
35.78 

33.92 
36.81 

36.04 
38.19 

36.49 
38.68 

32.76 
35.48 

34.47 
36.73 

35.07 
37.29 

35.46 
37.66 

37.17 
40.03 

36.22 
38.67 

35. 84 
38.64 

31.08 
33.33 

32.65 
35.18 

33.07 
35.61 

32.21 
35.45 

32.52 
35.67 

33.36 
36.96 


51.06 
56.20 

47.56 
51.35 

18. 10 
53.67 

47.56 
52.14 

48.70 
53.68 

50.86 
55.28 

49.99 
54.42 

49.60 
53.83 

44.78 
47.44 

47.69 
50.54 

51.12 
55.36 

48.04 
51.18 

47.56 
50.57 

47.48 
50.43 

46.55 
50.14 

46.84 
50.00 

47.88 
51.62 

52.76 
56.59 

50.12 
54.00 

52.02 
56.02 

47.97 
52.79 

49.81 
54.64 

51.37 
56.92 


43 


hur 

d 

o. 

c< 

• 

3 

o 

GQ 

o 

(S 

7.77 
8.55 

9.47 
10.23 

8.76 
9.77 

9.41 
10.32 

8.68 
9.56 

7.48 
8.13 

9.00 
9.80 

8.63 
9.36 

13.56 
14.37 

10.17 
10.78 

8.46 
9.16 

11.35 
12.09 

11.41 
12.14 

11.11 
11.81 

9.13 
9.83 

10.61 
11.33 

9.03 
9.74 

9.40 
10.08 

10.04 
10.82 

7.77 
8.37 

10.69 
11.76 

8.83 
9.69 

5.52 
6.12 


1.10 
1.21 

.86 
.93 

1.50 
1.67 

2.49 
2.73 

1.83 
2.01 

1.08 
1.17 

1.43 
1.56 

1.14 
1.24 

4.21 
4.46 

3.54 
3.75 

1.51 
1.64 

3.57 
3.80 

4.37 
4.65 

4.06 
4.31 

3.03 
3.26 

3.29 
3.51 

2.04 
2.20 

1.16 
1.24 

1.36 
1.47 

1.44 
1.55 

.80 
.88 

1.09 
1.20 

.88 
.98 


.33 
.36 

.51 
.55 

.16 
.18 

.53 
.58 

.39 
.43 

.13 
.14 

.14 
.16 

.18 
.20 

.69 
81 

.55 
.62 

.05 
.06 

.25 
.27 

.07 
.07 

.46 

.48 

.11 
.12 

.04 
.05 

.16 
.17 

.13 
.14 

.75 
.81 

.05 
.05 


'a 

t3 


2044 
3254 

2017 
2974 

1735 
3072 

1885 
3029 

1955 
3176 

2266 
3333 

2015 
30W 

2107 
3138 

1621 
2313 

2100 
2825 

2074 
3076 

1722 
2489 

1791 
2538 

1845 
2581 

2028 
2954 

1900 
2704 

2118 
3065 

2128 
3007 

1928 
2778 

2297 
3242 

1500 
2656 

1873 
3023 

2280 
3606 


14613 


14617 


14672 
14758 


14761 


14655 


14681 


14656 
14738 


14644 
14621 
14494 
i45a 
14568 
14603 


14597 


14675 


14639 


14603 


14610 


14543 


14584 
MfiOi 
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Table  2.- 


Anal^^ses  of  mine  samples  (not  exactly  indicative  of  commercial 

output) — Continued. 


I  I 

e  I 


30875 
12799 
12800 
12801 
12752 
12753 
12754 
12822 
12823 
12824 
12841 
12842 
80598 
80599 
80600 
12819 
12820 
12821 
12796 
12797 
12798 
12868 
12869 


i5 
s 

3 
B 

H 

& 

c 


& 


County 


153 
154 
154 
154 
155 
155 
155 
156 
156 
156 
156 
156 
157 
157 
157 
158 
158 
158 
159 
159 
159 
160 
160 


10/18 
6/21 
6/21 
6/21 
6/21 
6/21 
6/21 
6/21 
6/21 
6/21 
6/21 
6/21 
7/21 
7/21 
7/21 
6/21 
6/21 
6/21 
6/21 
6/21 
6/21 
7/21 
7/21 


Williamson. 


WilliamBon. 


Williamson. 


Williamson. 


Williamson. 


Williamson. 


Williamson. . 


Williamson. 


Williamson. 


Williamson. 


Williamson. 


Williamson. 


Williamson. 


Williamson. 


Williamson. 


Williamson. 


Williamson. 


Williamson. 


VVilliamson. 


Williamson. 


Williamson. 


W'illiamson. 


Williamson. 


I 


Proximate  analysis  of  coal 
1st:    "As  received, "  with  total 

moisture 
2nd:    "Dry"  or  moisture  free 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


i 

.a 

o 


tile 
tter 

a 

O  B 

l§ 

> 

b 

u 

9 

a 

3 

A 

«« 

• 

3 

o 

• 

rn 

O 

PQ 

6 


6 


10.82 
Dry 

7.75 
Dry 

8.53 
Dry 

7.42 
Dry 

7.83 
Dry 

7.51 
Dry 

9.29 
Dry 

8.38 
Dry 

9.18 
Dry 

8.71 
Dry 

7.42 
Dry 

7.53 
Dry 

7.19 
Dry 

8.17 
Dry 

9.25 
Dry 

7.47 
Dry 

8.24 
Dry 

9.91 
Dry 

7.79 
Dry 

6.89 
Dry 

8.10 
Dry 

8.81 
Dry 

8.52 
Dry 


31.11 
34.88 

31.88 
34.56 

32. 12 
35.11 

32.85 
35.48 

32.54 
35.30 

34.23 
37.01 

31.49 
34.72 

31.25 
39.11 

31.10 
34.25 

31.98 
35.03 

37.81 
34.36 

32.41 
35.05 

35.82 
38.59 

35.03 
38.15 

32.70 
36.03 

32.15 
34.75 

30.97 
33.75 

30.11 
33. 42 

32.17 
34.89 

37.72 
36.22 

30.89 
33.61 

31.54 
34.59 

31.66 
34.61 


49.02 
54.97 

51.20 
55.50 

52.30 

57.18 

50.39 
54.43 

51.91 
56.32 

50.61 
54.72 

50. 75 
55.94 

53.08 
57.93 

52.33 
57.61 

52.07 
57.04 

53.51 
57.80 

53.  f  5 
58.34 

47.55 
51.24 

46.87 
51.04 

50.57 
55.73 

51. 3S 
55.52 

51.39 
56.10 

52. 87 
58.69 

52.09 
56.49 

48.39 
51.96 

.50.72 
55.19 

50.60 
55.49 

52.11 
56.96 


9.05 
10.15 

9.17 
9.94 

7.05 
7.71 

9.34 
10.09 

7.72 
8.38 

7.65 
8.27 

8.47 
9.34 

7.29 
7.96 

7.39 
8.14 

7.24 
7.93 

7.26 
7.84 

6.11 
6.61 

9.44 
10.17 

9.93 
10.81 

7.48 
8.24 

9.00 
9.73 

9.40 
10.25 

7.11 
7.89 

7.95 
8.62 

11.00 
11.81 

10.29 
11.20 

9.05 
9.92 

7.71 
8.43 


.88 
.99 

1.45 
1.57 

.18 
.20 

1.13 
1.23 

.17 
.19 

1.01 
1.09 

.18 
.20 

1.35 
1.47 

.14 
.16 

1.28 
1.38 

.15 
.17 

.93 
1.03 

.15 
.16 

1.12 
1.22 

.05 
.05 

1.32 
1.45 

.16 
.18 

.94 
1.03 

.12 
.14 

1.22 
1.32 

.07 
.07 

2.41 
2.61 

.22 
.24 

2.90 
3.12 

.26 

.28 

3.08 
3.35 

.29 
.30 

1.52 
1.67 

.17 
.19 

2.37 
2.56 

.32 
.35 

2.75 
3.00 

.00 
.00 

1.55 
1.72 

.02 
.02 

1.72 
1.87 

.06 
.06 

3.99 
4.29 

.25 
.27 

3.62 
3.94 

.09 
.09 

1.46 
1.60 

.06 
.06 

1.17 
1.29 

.09 
.09 

11646 
13059 

11987 
12994 

12253 
13396 

12084 
12997 

12092 
13045 

12179 
13099 

11781 
12C87 

12067 
13171 

11956 
13164 

12062 
13213 

12250 
13166 

12416 
13297 

12074 
13009 

11893 
12951 

12056 
13285 

11885 
12845 

11776 
12683 

11923 
13148 

12157 
13184 

11768 
12424 

11717 
12553 

11783 
12841 

12094 
13155 


c 


14700 


14611 


14654 


14687 


14471 


14504 
14480 


14449 


14468 
14483 


14500 


14543 


14722 


14782 


14650 


14551 


14531 


14523 


14599 
14635 
14642 
14524 


14586 
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Table  2. — Analyses  of  mine  samples  (not  exactly  indicative  of  commercial 

output)  — Continued. 


mm 

n 

a 

J3 


I 

a 

9 
O 

a 


4 

s 


County 


6 


Proximate  analysis  of  ooal 
let :    "As  reoei ved, * '  with  total 

moisture 
2nd :    ' ' Dry' '  or  moisture  free 


9 
■*» 
n 


■2S 


a 


m 
< 


u 

9 

ja 

o, 

n 

9 

P 

CQ 

o 

9 

0 


12870 

28810 

28811 

28812 

28813  I 

28814 

30863 

308M 

30865 

13540 

13543 

13544 

13542 

13539 

13541 

13538 

80653 

80652 

80651 

12838 

12839 

12840 

12875 


160 

7/21 

161 

7/17 

161 

8/17 

161 

7/17 

161 

7/17 

161 

7/17 

162 

9/18 

162 

9/18 

162 

9/18 

163 

3/22 

163 

3/22 

163 

3/22 

163 

3/22 

163 

3/22 

163 

3/22 

164 

3/22 

165 

8/21 

165 

8/21 

165 

8/21 

166 

6/21 

166 

6/21 

166 

6/21 

167 

7/21 

Williamson. 


Williamson. 


Williamson. 


Williamson. 


Williamson. 


Williamson. 


Williamson. 


Williamson. 


Williamson. 


WiUiamson. 


Williamson. 


Williamson. 


Williamson. 


Williamson. 


Williamson. 


Williamson. 


Williamson. 


Williamson. 


Williamson. 


Williamson. 


Williamson. 


W'illiamson. 


Williamson. 


6 

6.88 
Dry 

34.57 
37.12 

6 

8.31 
Dry 

32.40 
35.34 

6 

9.13 
Dry 

31.48 
34.64 

6 

8.82 
Dry 

35.15 
38.55 

6 

9.31 
Dry 

32.93 
36.31 

6 

9.78 
Dry 

33.08 
36.67 

6 

9.72 
Dry 

32.84 
36.38 

6 

9.40 
Dry 

34.38 
37.95 

6 

10.58 
Dry 

32.47 
36.31 

6 

6.63 
Dry 

36.47 
39.06 

6 

7.59 
Dry 

33.61 
36.37 

6 

6.01 
Dry 

35.21 
37.46 

6 

7.11 
Dry 

34.56 
37.20 

6 

6.49 
Dry 

35.49 
37.95 

6 

5.93 
Dry 

34.60 
36.78 

6 

7.31 
Dry 

34.18 
36.88 

6 

6.51 
Dry 

34.93 
37.36 

6 

8.79 
Dry 

32.97 
36.15 

6 

8.82 
Dry 

31.24 
34.26 

6 

7.85 
Dry 

32.46 
35.23 

6 

8.08 
Dry 

32.30 
35.14 

6 

6.47 
Dry 

33.63 
35.96 

6 

8.10 
Dry 

31.22 
33.97 

49.39 
53.04 

50.75 
55.35 

51.00 
56.13 

47.90 
52.53 

49.63 
54.73 

49.93 
55.34 

50.65 
56.10 

47.35 
52.26 

46.30 
51.78 

47.40 
50.77 

49.25 
53.29 

47.68 
50.73 

46.85 
50.44 

46.95 
50.21 

47.58 
50.58 

46.48 
50.15 

46.12 
49.33 

48.73 
53.42 

52.45 
57.53 

49.17 
53.36 

50.78 
55.24 

48.02 
51.34 

53.02 
57.69 


9.16 
9.84 

3.79 
4.07 

8.54 
9.31 

1.33 
1.45 

8.39 
9.23 

.97 
1.07 

8.13 
8.92 

1.07 
1.17 

8.13 

8.96 

.82 
.90 

7.21 
7.99 

.75 
.83 

6.79 
7.52 

.96 
1.06 

8.87 
9.79 

1.28 
1.41 

10.65 
11.91 

1.57 
1.76 

9.49 
10.17 

3.06 
3.30 

9.55 
10.34 

2.72 
2.94 

11.10 
11.81 

3.54 
3.77 

11.48 
12.35 

2.89 
3.11 

11.07 
11.84 

3.49 
3.73 

11.89 
12.64 

3.27 
3.48 

12.02 
12.97 

3.07 
3.31 

12.44 
13.31 

4.21 
4.50 

9.51 
10.43 

1.61 
1.77 

7.49 
8.21 

.92 
1.01 

10.52 
11.41 

3.03 
3.28 

8.84 
9.62 

2.00 
2.18 

11.88 
12.70 

3.57 
3.71 

7.66 
8.34 

1.15 
1.25 

1.01 
1.08 

.60 
.66 

.49 
.54 

.82 
.88 

.21 
.23 

.64 
.69 

.13 
.li 


12022 
12706 

11965 
13048 

11822 
13010 

11965 
13122 

11902 
13124 

11965 
13262 

12026 
13322 

11801 
13027 

11322 
12661 

12133 
12995 

11974 
12958 

11867 
12526 

11668 
12561 

11821 
12641 

11788 
12532 

11635 
12553 

11697 
12511 

11819 
12958 

12047 
13212 

11675 
12608 

11867 
12801 

11659 
12279 

12156 
13164 


14582 


14553 


14485 


14557 


14559 


14541 


14533 


14614 


14590 


14713 


14687 
14484 

14603 


14621 


14637 


14726 


14773 


14663 


14530 


14564 


1447» 


14578 
i45£& 
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Table  2. — Analyses  of  mine  samples  (not  exactly  indicative  of  commercial 

output) — Continued. 


B 


o 


12876 
12877 
12881 
12882 
12883 
12772 
12773 
12774 
80625 
80626 
80670 
80673 
80671 
80672 
10632 
10658 
13537 
1683 
1688 
1762 


g 

a 

O 

c 


o 

«> 

5 


County 


167 

7/21 

167 

7/21 

168 

7/21 

168 

7/21 

168 

7/21 

169 

6/21 

169 

6/21 

169 

6/21 

170 

7/21 

171 

7/21 

172 

8/21 

173 

8/21 

173 

8/21 

173 

8/21 

«174 

"174 

2/19 

227 

3/22 

"B  M. 

23 

6/05 

"B.  M. 

23 

6/05 

"B.  M. 

23 

6/05 

1 


Proximate  analysis  of  ccal 
Ist:    "As  receivetl,"  with  total 

moisture 
2nd:    "Dry"  or  moisture  free 


■♦J 

.2 


Williamson 
Williamson 
Williamson 
Williamson 
Williamson 
Williamson 
Williamson 
Williamson 
Williamson 
Williamson 
Williamson 
Williamson 
Williamson 
Williamson 
Williamson 
Williamson 
Williamson 
Williamson 
Williamson 
Williamson 


Si     Q) 

o  6 
> 


c 
b4 


M 
en 

< 


h 

3 

3 

c 

■•j 

cc 

o 

a 

6 

8.79 
Dry 

32.42 
35.54 

6 

6.47 
Dry 

34.62 
37.01 

6 

5.00 
Dry 

37.42 
39.39 

6 

4.94 
Dry 

36.99 
38.91 

6 

5.73 
Dry 

35.37 
37.52 

6 

5.48 
Dry 

36.28 
38.38 

6 

5.88 
Dry 

35.63 
37.86 

6 

6.95 
Dry 

34.41 
36.98 

6 

6.40 
Dry 

36.71 
39.22 

6 

7.29 
Dry 

34. 93 
37.68 

6 

6.40 
Dry 

36.38 
38.87 

6 

7.14 
Dry 

35.39 
38.11 

6 

6.24 
Dry 

36.41 
38.83 

6 

7.49 
Dry 

36.37 
39.31 

6 

6.40 
Diy 

33.26 
35.53 

6 

7.47 
Dry 

33.79 
36.52 

6 

9.09 
Dry 

31.33 
34.15 

6 

8.29 
Dry 

31.19 
34.01 

6 

8.41 
Dry 

34.27 
37.42 

6 

8.20 
Dry 

32.26 
35.14 

48.41 
53.08 

49.61 
53.05 

46.61 
49.06 

46.71 
49.14 

44.97 
47.71 

47.15 
49.89 

46.19 
49.07 

48.47 
52.09 

47.70 
50.96 

47.65 
51.39 

48.20 
51.49 

41.61 
48.04 

44.45 
47.41 

46.95 
50.76 

50.68 
54.15 

49.41 
53.39 

52.10 
56.69 

49.69 
54.18 

45.44 
49.61 

46.59 
50.75 


10.38 
11.38 

C.30 
S.94 

10.97 
11.55 

11.36 
11.05 

13.93 
14.77 

11.09 
11.73 

12.30 
13.07 

10.17 
10.93 

9.19 
9.82 

10.13 
10.93 

9.02 
9.64 

12.86 
13.85 

12.90 
13.76 

9.19 
9.93 

9.66 
10.32 

9.33 
10.09 

8.42 
9.16 

10.83 
11.81 

11.88 
12.97 

12.95 
14.11 


1.59 
1.74 

2.92 
3.12 

3.13 
3.29 

3.39 
3.57 

4.17 
4.42 

3.78 
4.00 

3.77 
4.01 

4.02 
4.32 

3.41 
3.64 

3.78 
4.08 

3.45 
3.69 

4.35 
4.68 

3.56 
3.80 

2.73 
2.95 

2.29 
2.45 

1.77 
1.92 

1.09 
1.20 

2.81 
3.06 

3.63 
3.96 

3.48 
3.79 


.48 
.53 

.20 

.22 

.28 
.30 

.44 

.46 

.36 

.38 

.61 
.65 

.45 
.47 

.03 
.03 

.04 
.04 

.04 
.04 

.04 
.04 

.63 
.68 

.90 
.96 

.04 
.04 


11573 


12109 
12936 

11970 
12933 

11999 
13199 

11837 
12906 


11362 
12377 


:3 
c 


c 


12688 

14524 

12046 
12723 

14533 

12108 
12580 

'14676 

12106 
12557 

14750 

11514 
12215 

"14695 

11879 
12568 

14545 

11631 
12158 

"14529 

11848 
12517 

i4585 

12150 
12981 

"14644 

11745 
12669 

"14334 

12179 
13012 

'14648 

11481 
12364 

"14708 

11672 
12449 

'14761 

12080 
13058 

14894 

14642 


14578 


14688 
14903 


14564 


43 
43 


Analyses  of  a  sample  of  forked  coal. 

Lord,  N.  W.,  and  others,  Analyses  of  coals:    U. 


S.  Bureau  of  Mines  Bull.  22,  pt.  1.  p.  91,  1913. 


—4  GB 
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Table  2. — Analyses  of  mine  samples  (not  exactly  indicative  of  commercial 

output) — Continued. 


B 

a 

c 
c 

County 

1 

Proximate*  anah'sis  of  coal 
1st:    ".\sreooive<J,"  with  total 

moisture 
2nd:    "Dry"  or  moisture  free 

9 

as 

8 

2 

t 

B 

o 

1^ 

fa 

.£3 
< 

^ 

^ 

3907 

"B.  M. 

23 

6/05 

Williamson 

6 

12.61 
Dry 

30.  OS 
34.42 

46.81 
53.56 

10.50 
12.02 

2.37 
2.71 

11066 
12663 

'14645 

4083 

"B.  M. 

23 

6.05 

Williamson 

6 

15.31 
Dry 

28.33 
34.16 

45.29 
53.48 

10.47 
12.36 

2.31 
2.74 

10820 
12776 

"i4843 

4201 

*3B.  M. 
23 

6/05 

Williamson 

6 

15.87 
Dry 

28.19 
33.51 

46.42 
55.17 

9.52 
11.32 

2.34 
2.78 

10784 

12818 

"14699 

1634 

*3B.  M. 
24 

5/05 

Williamson 

6 

8.30 
Dry 

33. 75 
36. 80 

4R.69 
53.10 

9.26 
10.10 

2.82 
3.08 

11999 
13084 

'i4795 

1654 

"B.  M. 

24 

5/05 

Williamson 

6 

7.76 
Dry 

31.44 
34.08 

50.19 
54.42 

10.61 
11.50 

1.97 
2.14 

11957 
12964 

i487{ 

1660 

**B.  M. 
24 

5/05 

Williamson 

6 

8.86 
Dry 

31.25 
34. 29 

48.23 
52.92 

11.66 
12.73 

2.46 
2.70 

11702 
12839 

"14996 

1718 

**B.  M. 
24 

5 / 05    Wil liamson 

6 

8.61 
Dry 

32.40 
35. 45 

51.. 33 
56.17 

7.66 
8.38 

1.6.5 
1.81 

12236 
13388 

14782 

1653 

<VB.  M. 
24 

5/05 

Williamson 

6 

7.64 
Dry 

32.12 
.34.  78 

49.80 
53.92 

10.44 
11.30 

2.01 
2.18 

11939 
12928 

"14802 

1802 

<»B.  M. 
24 

5/05 

Williamson 

6 

10.14 
Dry 

30.99 
34.49 

51.43 
57. 23 

7.44 
8.28 

1.52 
1.69 

12116 
13482 

"14863 

5238 

<5B.  M. 

24 

6/07 

Williamson 

6 

9.18 
Dry 

27.30 
30.06 

55.40 
61.00 

8.12 
8.94 

.90 
.99 

12015 
13230 

"14675 

521 5 

<3R    M 

24 

6/07 

Will.anison 

6 

7.88 
Dry 

31.?ft 
33.87 

49.89 
54.16 

11.03 
11.97 

2.69 
3.25 

11741 
12746 

'14754 

1731 

*-B.  M. 

25 

6/05 

Williamson 

6 

9.37 
Dry 

30.69 
33.86 

5?.  57 
58.01 

7.37 
8.13 

1.25* 
1.38 

12058 
13306 

"14633 

1732 

**B.  M. 
25 

«B.  M. 

25 

6/05 
6/05 

Williamson 

Williamson 

6 
6 

8.59 
Dry 

8.43 
Dry 

31.07 
33.99 

30.08 
32.85 

53.37 
58.38 

51.89 
56.67 

6.97 
7.63 

9.60 
10.48 

1.78 
1.95 

1.14 
1.24 

1820 

lia50 
13061 

"i477i 

3629 

«B.  M. 

25 

6/05 

Williamson 

6 

8.72 
Dry 

30.38 
33.28 

53.28 
58.37 

7.62 
8.35 

1.00 
1.10 

12200 
13365 

"14726 

3632 

<«B.  M. 
25 

"B.  M. 

25 

6/05 
6/05 

Williamson 

Williamson 

6 
6 

8.88 
Dry 

8.80 
Dry 

29.49 
32.37 

29  85 
32. 73 

53.60 
58.82 

53.83 
59.02 

8.03 
8.81 

7.52 
8.25 

.99 
1.09 

1.13 
1.24 

3636 

13222 
13401 

14754 

3789 

*«B.  M. 

25 

6/05 

Williamson 

6 

7.78 
Dry 

29.85 
32.37 

52.39 
56.81 

9.08 
10.82 

1.32 
1.43 

11959 
13969 

"14734 

1170 

*«B.  M. 

26 

6/05 

Williamson 

6 

7.50 
Dry 

31. 6R 
34.25 

53.67 
58.02 

7.15 
7.73 

.99 
1.07 

12386 
13388 

'14642 

**  Ibid.,  p.  92. 

*'^  Ix>rd,  N.  W.,  and  others,  Analyses  of  coals:    U.  S.  Bureau  of  Mines  Bull.  22.  pt.  I.  p.  93. 1913. 

^«  IbiJ,  p.  93. 
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Table  2. — Analyses  of  mine  samples  (not  exactly  indicative  of  commercial 

output) — Continued. 


B 
a 

1 

S 

a 

a 

County 

Proximate  analysis  of  ocal 
1st:    "Asreceiveci,"  with  total 

moisture 
2nd:    "Dry"  or  moisture  free 

a 

3 

s 

• 

• 

o 

1 

Is 

0 

« 
o 

n 

1 
1 

1171 

^•B.  M. 

26 

"B.  M. 

26 

47 

"B.  M. 

27 

«B.  M. 

27 

"B.  M. 

27 

"B.  M. 

28 

"B.  M. 

28 

"B.  M. 

28 

"B.  M 
28 

"B.  M. 
28 

6/05 
6/05 
7/14 
8/13 
8/13 
8/13 
8/17 
8/17 
8/17 
8/17 
8/17 

Wiiliamaon 

Williamson 

Williamson 

Willianuon 

Williamson 

Williamson 

Williamson 

Williamson 

Williamson 

Williamson 

Williamson 

6       7.34 

34.29 
37.01 

29.47 
32.21 

32.03 
34.54 

32.64 
35  78 

31.78 
34.81 

32.83 
36.22 

32.40 
35.34 

31.48 
34.64 

35.15 
38.55 

32.93 
36.31 

33.08 
36.67 

50.84 
54.86 

50.75 
55.46 

50.00 
53.93 

51.41 
56.35 

51.89 
56.83 

49.63 
54.77 

50.75 
5o.35 

51.00 
56.13 

47.90 
52.53 

49.63 
54.73 

49.93 
55.34 

7.53 
8.13 

11.28 
12.33 

10.69 
11.53 

7.18 
7.87 

7.63 
8.36 

8.17 
9.01 

8.54 
9.31 

8.39 
9.23 

8.13 
8.92 

8.13 
8.90 

7.21 
7.99 

2.04 
2.20 

1.72 
1.88 

1.91 
2.06 

1.10 
1.21 

1.00 
1.10 

1.70 
1.88 

1.33 
1.45 

.97 
1.07 

1.07 
1.17 

.82 
.90 

.75 
.83 

1318 
19714 
17719 
17721 
17720 
28810 
^811 
28812 
28813 
28814 

6 
7 
6 
6 
6 
6 
6 
6 
6 
6 

8.50 
Dry 

7.28 
Dry 

8.77 
Dry 

8.70 
Dry 

9.37 
Dry 

8.31 
Dry 

9.13 
Dry 

8.82 
Dry 

9.31 
Dry 

9.78 
Dry 



11776 
12870 

11804 
12731 

12177 
13347 

12173 
13334 

11988 
13228 

11965 
13048 

11822 
13010 

11965 
13122 

11902 
13124 

11965 
13262 

"14916 
14612 
'14626 
'14694 
"14717 
" 14653 
'14485 
'14559 
14559. 
'i438i 

5416 
5414 
5417 
4711 
4713 
4714 
4716 
4722 
4724 


No.  7  Coal. 


99 

•8/12 

99 

8/12 

98 

8/12 

94 

3/12 

94 

3/12 

94 

3/12 

94 

3/12 

94 

8/12 

94 

3/12 

LaSalle. 


USalle. 


U.Salle. 


Vermilion. 


Vermilion. 


Vermilion. 


Vermilion. 


Vermilion. 


Vermilion. 


13.82 
Dry 

12.87 
Dry 

13.99 
Dry 

12.20 
Dry 

12.70 
Dry 

12.76 
Dry 

12.67 
Dry 

13.53 
Dry 

13.27 
Dry 


41.42 
48.06 

42.40 
48.67 

38.81 
45.12 

39.53 
45.03 

39.20 
44.90 

38.84 
44.53 

39.01 
44.67 

37.36 
43.24 

37.25 
42.95 


35.90 
41.67 

37.35 
42.86 

40.12 
46.65 

38.38 
43.70 

39.24 
44.95 

38.31 
43.91 

37.43 
42.86 

39.57 
45.76 

40.65 
46.87 


8.86 
10.27 

7.88 
8.47 

7.08 
8.23 

9.8!) 
11.27 

8.86 
10.15 

10.09 
11.56 

10.89 
12.47 

9.51 
11.00 

8.83 
10.18 


3.95 
4.58 

3.86 
4.44 

3.23 
3.76 

3.76 
4.29 

2.79 
3.19 

3.91 
4.48 

3.54 
4.06 

3.20 
3.70 

3.27 
3.77 


.51 
.59 

.00 
.00 

.00 
.00 

.46 
.52 

.52 
.59 

.61 
.70 

.84 
.96 

.46 
.54 

.38 
.44 


11174 
12S66 

'14744 

11468 
13161 

14636 

11401 
13255 

14675 

11243 
12804 

14730 

11399 
13057 

"14776 

11106 
12788 

14773 

11041 
12644 

14734 

11045 
12773 

14622 

11209 
12925 

'14650 

^'  Fieldner,  A.  C,  and  others,  Analyses  of  coals:    U.  S.  Bureau  of  Mines  Bull.  123,  p.  36, 1918.    Run 
of  mine  sample.    Not  included  in  averages. 
"Ibid,  p.  36. 
40  U.  S.  Bureau  of  Mines,  unpublished  analyses. 
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Table  2. — Analyses  of  mine  samples  (not  exactly  indicative  of  commercial 

output) — Concluded. 


a 

I 

I 


k> 

M 

a 

73 

a 

a 

County 


8 


Proximate  analysis  of  coal 
let:    "As  rec5eivea,"  with  total 

moisture 
2nd:    "Dry"  or  moisture  free 


P 

.a 

o 


o  c 

> 


ll 


J3 


b 

3 
J3 

• 

a 

M 

4J 

a 

o 

GO 

u 

m 

c 


4727 

97 

3/12 

4734 

97 

3/12 

4736 

97 

3/12 

^226 

211 

2/22 

64227 

211 

2/22 

84228 

211 

2/22 

Vermilion. 


Vermilion. 


Vermilion. 


Vermilion. 


Vermilion. 


Vermilion. 


12.92 
Dry 

36.98 
42.46 

38.  S4 
44.73 

11.16 
12.81 

2.90 
3.33 

.70 
.80 

10924 
12514 

13. 10 
Dry 

38.42 
44.22 

39. 14 
45.03 

9.34 
10.75 

2.26 
2.59 

.56 
.64 

11281 
12981 

13.41 
Dry 

37.33 
43.11 

38.87 
44.89 

10.39 
12.00 

2.54 
2.93 

.46 
.53 

11065 

12778 

13.1 
Dry 

37.7 
43.4 

3S.8 
45.8 

9.4 
10.8 

2.8 
3.2 

.59 
.69 

11110 
12770 

14.1 
Dry 

37.0 
43.1 

39.3 
45.7 

9.6 
11.2 

2.9 
3.4 

.86 
1.0 

11030 
12840 

13.7 
Dry 

37.0 

42.9 

39.5 
45. 7 

9.8 
11.4 

3.2 
3.7 

.70 
.81 

11050 
12800 

14715 
14778 
14787 
14564 
14727 
14724 


Table   3. — Average  analyses   and    heat   values  for  separate  mines  and    by 

counties — grouped  according  to  districts, 

DISTRICT  NO.  1-BUREAU  CO.,  NO.  2  COAL 


* 

Index 
number 

Moisture 

Volatile 
matter 

Fixed 
carbon 

Ash 

Sulphur 

CO2 

B.  t.  u. 

"Unit 
coal" 

1 

16.19 
Dry 

16.50 
Dry 

16.13 
Dry 

16.27 
Dry 

37.79 
45.06 

38.48 
46.08 

38.82 
46.28 

38.35 
45.80 

38.06 
45.40 

37.59 
45.02 

38.36 
45.74 

38.00 
45.39 

8.00 
9.54 

7.43 
8.90 

6.69 
7.98 

7.38 
8.81 

3.24 
3.86 

2.40 
2.90 

3.15 
3.76 

2.93 
3.50 

.82 
.98 

1.16 
1.39 

.70 
.84 

.89 
1.40 

10787 
12869 

10868 
13016 

10994 
13108 

10883 
12997 

8 

14476 

10 

14493 

Average 

14463 

14477 

DISTRICT  NO.  1— GRUNDY  CO.,  NO.  2  COAL 


5 

16.01 
Dry 

39.32 
46.83 

38.51 
45.84 

6.16 
7.33 

2.75 
3.28 

1.32 
1.57 

11104 
13221 

14463 

6 

19.53 
Dry 

37.59 
46.71 

37.94 
47.15 

4.94 
6.14 

2.01 
2.61 

.70 

.87 

10618 
13444 

14447 

7 

16.29 
Dry 

38.46 
45.94 

40.53 
48.42 

4.72 
5.64 

2.17 
2.59 

.48 
.57 

11394 
13613 

14579 

Average 

17.28 
Dry 

38.48 
46.49 

39.02 
47.14 

5.27 
6.37 

2.33 
2.82 

.83 
1.00 

11113 
13426 

14496 

53 
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-^vtsrage  analyses  and   heat  values  for  separate  mines  and   }>y 
counties — grouped  according  to  districts. — Continued. 


DISTRICT  NO.  1— LA  SALLE  CO.,  NO.  2  COAL 


Index 
number 

Moistiire 

Volatile 
matter 

Fixed 
carbon 

Aflh 

Sulphur 

COa 

B.  t.  u. 

"Unit- 
coal" 

2 

14.60 
Dry 

15.05 
Dry 

17.45 
Dry 

14.7 
Dry 

12.4 
Dry 

13.93 
Dry 

14.58 
Dry 

39.88 
46,70 

39.76 
46.80 

38.98 
47.22 

34.9 
40.9 

39.40 
44.99 

36.78 
46.87 

38.28 
45.58 

36.97 
43.29 

37.00 
43.56 

34.52 
41.82 

42.3 
49.6 

41.27 
47.10 

40.34 
46.87 

42.01 
45.37 

8.55 
10.01 

8.19 
9.64 

9.04 
10.95 

8.06 
9.46 

6.65 
7.90 

8.93 
10.37 

8.23 
9.72 

3.97 
4.65 

3.30 
3.88 

3.18 
3.85 

3.26 
3.86 

2.61 
2.97 

3.45 
4.00 

3.29 
3.86 

.81 
.95 

.59 
.69 

1.49 
1.81 

.73 
.84 

10904 
12768 

10899 
12830 

10391 
12587 

11056 
12960 

11779 
13448 

11192 
12883 

11020 
12912 

3 

14475 

9 

14448 

102 

14402 

103 

14892 

14805 

B.  M. 

1 

14767 

Average 

.60 
1.06 

14632 

DISTRICT  NO.  1— MARSHALL  CO.,  NO.  2  COAL 


4 

16.93 
Dry 

13.28 
Dry 

15.10 
Dry 

37.57 
45.22 

40.58 
46.80 

39.06 
46.01 

39.57 
47.64 

37.71 
43.48 

38.68 
45.56 

5.93 
7.14 

8.43 
9.72 

7.16 
8.43 

2.53 
3.05 

3.04 
3.51 

2.79 
3.28 

.37 
.44 

.60 
.69 

.48 
.56 

11188 
13468 

11435 
13186 

11315 
13327 

11 
Average 

14696 
14896 

14796 

EXTRA  SAMPLE— LA  SALLE  CO.,  NO.  5  COAL 


14.76 
Dry 


41.33 
48.49 


34.26 
40.19 


9.65 
11.32 


3.38 
3.97 


.61 
.71 


10692 
12543 


14397 


DISTRICT  NO.  1— LIVINGSTON  CO.,  NO.  5  COAL 


215 

9.40 
Dry 

216 

13.76 
Dry 

Average 

11.58 
Dry 

35.69 
40.05 

36.00 
41.48 

35.84 
40.26 


41.09 

13.80 
15.26 

11.50 
13.34 

12.65 
14.30 

4.74 
5.24 

3.15 
3.66 

3.94 
4.45 

45.35 

38.96 

45.18 

40.02 

45.26 

11258 
12422 

10850 
12581 

11054 
12501 


15084 


14836 
14960 


DISTRICT  No.  1— LA  SALLE  CO.,  NO.  7  COAL 


99 


13.56 
Dry 


40.87 
47.28 


37.80 
43.73 


7.77 
8.99 


3.68 
4.26 


.17 
.20 


11347 
13127 


14685 
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Table  3. — Average  analyses  and   heat  values  for  separate  mines  and  hy 
counties — grouped  according  to  districts— Continued. 


DISTRICT  NO.  2-JACKSON  CO..  NO.  2  COAL 


Index 
number 


Moisture 


Volatile 
matter 


Fixed 
carbon 


Ash        Sulphur 


COa 


B.  t.  u. 


•*Unit 
coal" 


12 

9.62 
Dry 

13 

10.18 
Dry 

14 

8.56 
Dry 

15 

8.70 
Dry 

16 

9.34 
Dry 

104 

4.56 
Dry 

Average 

8.49 
Dry 

33.02 
36.53 

33.40 
37.18 

34.18 
37.39 

34.77 
38.08 

34.55 
38.11 

36.32 
38-06 

34.37 
37.55 


51.09 
56.53 

51.90 
57.79 

50.25 
54.95 

51.34 
56.23 

50.52 
55.72 

45.22 
47.38 

50.05 
54.76 


6.27 
6.94 

1.13 
1.25 

.69 
.76 

4.52 
5.03 

.97 
1.08 

.29 
.32 

7.01 
7.66 

1.54 
1.68 

.09 
.10 

6.19 
5.69 

1.42 
1.55 

.09 
.12 

5.59 
6.17 

1.40 
1.54 

.26 
.29 

13.90 
14.57 

7.12 
7.47 

.03 
.03 

7.08 
7.67 

2.26 
2.42 

.24 
.27 

17 

17.63 
Dry 

18 

14.58 
Dry 

19 

14.52 
Dry 

Average 

15.58 
Dry 

39.13 
47.51 

39.07 
45.74 

39.26 
45.93 

39.17 
46.40 


34.13 
41.44 

9.11 
11.05 

5.02 
6.09 

.70 
.85 

37.00 
43.31 

9.35 
10.95 

4.79 
5.61 

.21 
.25 

36.32 
42.49 

9.90 
11.58 

4.24 
4.96 

.68 
.80 

35.80 
42.41 

9.45 
11.19 

4.69 
6.55 

.53 
.63 

12260 
13565 

12614 
14044 

12418 
13581 

12651 
13856 

12490 
13777 

11778 
12167 

12368 
13498 


DISTRICT  NO.  3-CHRISTUN  CO.,  NO.  1  COAL 

21 

11.31 
Dry 

38.89 
43.85 

40.94 
46.16 

8.86 
9.99 

2.35 
2.65 

.43 
.48 

11602 
13081 

1^ 

DISTRICT  NO.  3— FULTON  CO..  NO.  1  COAL 

105 

11.21 
Dry 

38.41 
43.26 

40.16          mm 

4.96 
5.58 

.62 
.70 

11466 
12914 

45.23 

11.50 

1^ 

DISTRICT  NO.  3-MERCER  CO.,  NO.  1  COAL 

10336 
12548 

10880 
12737 

10809 
12645 

10673 
12643 


14705 

iVm 
um 

14927 
14836 

14717 

14950 

14373 
14640 
14624 
14546 


DISTRICT  NO.  3— Mcdonough  co.,  no.  2  coal 


22 

17.40 
Dry 

15.86 
Dry 

16.63 
Dry 

33.30 
40.31 

35.08 
41.69 

34.19 
41.00 

41.47 
50.23 

40.27 
47.85 

40.37 
49.04 

7.82 
9.48 

8.79 
10.45 

8.31 
9.96 

2.02 
2.45 

3.86 
4.58 

2.94 
3.51 

.27 
.33 

10811 
13091 

10798 
12832 

10804 
12961 

213 

14663 

14621 

Average 

14642 

55 

Table   3. — Average  analyses  and  heat  values  for  separate  mines  and   by 
counties — grouj^d  according  to  districts — Continued. 

DISTRICT  NO.  3-SCHUYLER  CO.,  NO.  2  COAL 


Index 
number 

Moisture 

Volatile 
matter 

Fixed 
carbon 

Ash 

Sulphur 

CO2 

B.  t.  u. 

"Unit 
coal" 

214 

14.53 
Dry 

37.83 
43.26 

42.08 
48.11 

7.54 
8.62 

4.54 
5.19 

11731 
13411 

14967 

DISTRICT  NO.  4— McLEAN  CO.,  NO.  2  COAL 


100 

11.26 
Dry 

B.M. 
56 

10.06 
Dry 

Average 

10.66 
Dry 

42.21 
47.67 

35.93 
39.95 

39.07 
43.76 


37.73 
42.52 

39.16 

8.80 
9.91 

14.83 
16.49 

11.81 
13.20 

3.03 
3.41 

2.97 
3.31 

3.00 
3.36 

.98 
1.10 

43.55 

38.44 

43.03 

11566 
13034 

11149 
12422 

11357 
12728 


14714 


15028 
14871 


DISTRICT  NO.  4--FULT0N  CO.,  NO.  5  COAL 


28 

16.68 
Dry 

36.68 
44.02 

36.76 
44.12 

9.88 
11.86 

2.90 
3.48 

1.36 
1.63 

10375 
1245a 

14403 

29 

16.38 
Dry 

35.96 
43.01 

36.88 
44.10 

10.78 
12.89 

3.47 
4.15 

1.02 
1.22 

10230 
12234 

14349 

30 

16.18 
Dry 

35.17 
41.96 

37.77 
45.06 

10.88 
12.98 

3.06 
3.65 

1.53 
1.82 

10296 
12284 

14402 

31 

16.88 
Dry 

36.32 
43.70 

36.32 
43.70 

10.48 
12.61 

2.98 
3.58 

1.25 
1.50 

10269 
12355 

14424 

32 

14.66 
Dry 

37.24 
43.64 

37.71 
44.18 

10.39 
12.18 

3.28 
3.84 

1.54 
1.81 

10651 
12481 

14502 

110 

15.43 
Dry 

33.62 
39.76 

39.47 
46.67 

11.48 
13.57 

2.50 
2.66 

1.41 
1.67 

10389 
12285 

14473 

111 

14.61 
Dry 

34.05 
39.88 

38.64 
46.25 

13.22 
14.86 

3.03 
8.55 

2.22 
2.60 

10130 
11865 

14289 

112 

16.26 
Dry 

35.88 
41.30 

38.61 
45.56 

11.12 
13.12 

2.79 
3.29 

1.54 
1.78 

10522 
12818 

14596 

113 

14.25 
Dry 

34.79 
40.57 

39.19 
45.71 

11.75 
13.71 

3.18 
3.71 

1.45 
1.69 

10622 
12383 

14656 

114 

14.81 
Dry 

35.86 
37.10 

38.43 
45.11 

10.88 
12.78 

2.89 
3.40 

1.60 
1.87 

10123 
12265 

14389 

116 

15.25 
Dry 

33.50 
39.50 

40.50 
47.80 

10.25 
12.70 

3.10 
3.70 

1.16 
1.37 

10610 
12520 

14580 

116 

15.69 
Dry 

35.03 
41.55 

38.29 
45.43 

10.97 
13.01 

3.88 
4.61 

.51 
.61 

'l0467 
12416 

14609 

117 

13.5 
Dry 

34.4 
39.8 

38.8 
44.8 

13.3 
15.4 

3.5 
4.1 

10410 
12040 

14589 

118 

12.78 
Dry 

38.60 
40.40 

30.32 
49.66 

11.53 
13.26 

3.80 
4.36 

1.03 
1.18 

10903 
12296 

14746 

Average 

15.88 
Dry 

35.50 
41.15 

37.68 
45.58 

11.40 
13.53 

3.16 
3.72 

1.35 
1.58 

10428 
12335 

14496 

56 


Table   3. — Average  analyses  and   heat  values  for  separate  mines  and   hy 
counties — grouped  according  to  districts — Continued. 

DISTRICT  NO.  4— LOGAN  CO.,  NO.  5  COAL 


Index 
number 


Moisture 


Volatile 
matter 


Fixed 
oarbon 


^h 


Sulphur 


COa 


B.  t.  u. 


"Unit 
coal" 


33 

14.20 
Dry 

109 

13.53 
Dry 

B.  M. 

37 

15.32 
Dry 

Average 

14.35 
Dry 

37.19 
43.35 

35.58 
41.14 

32.52 
38.41 

35.09 
37.96 


37.44 
43.40 

11.37 
13.25 

3.34 
3.89 

1.42 
1.66 

40.82 
47.20 

10.06 
11.64 

2.95 
3.09 

1.05 
1.16 

39.81 

12.34 
14.57 

11.25 
13.15 

3.70 
4.37 

3.33 
3.78 

47.01 

39.35 
45.87 

1.23 
1.40 

10490 
12226 

10924 
12633 

10371 
12234 

10595 
12364 


14400 


14590 


14671 
14553 


DISTRICT  NO.  4--MACON  CO.,  NO.  5  COAL 


41 

14.48 
Dry 

42 

13.83 
Dry 

123 

12.82 
Dry 

Average 

13.71 
Dry 

36.00 
42.10 

37.35 
43.34 

35.45 
40.67 

36.26 
42.03 


38.05 
44.49 

11.47 
13.41 

3.32 
3.88 

.90 
1  05 

39.62 
45.98 

9.20 
10.68 

3.83 
4.45 

.09 
.11 

43.07 
49.41 

8.64 
9.91 

3.23 
3.71 

.13 
.15 

40.24 
46.62 

9.77 
11.33 

3.46 
4.01 

.37 
.43 

25 

14.92 
Dry 

26 

15.00 
Dry 

106 

13.40 
Dry 

107 

10.73 
Dry 

B.M. 
2 

15.45 
Dry 

B.M. 
3 

15.38 
Dry 

14.14 
Dry 

36.92 
43.30 

36.48 
42.91 

30.33 
35.03 

34.56 
40.16 

32.05 
40.87 

34.34 
40.58 

34.11 
40.47 


37.21 
43.74 

11.02 
12.95 

3.44 
4.04 

1.21 
1.42 

36.75 
43.24 

11.77 
13.85 

3.08 
3.62 

1.80 
2.12 

44.80 
51.76 

11.46 
13.20 

3.80 
4.40 

1.05 
1.20 

39.96 
46.60 

11.36 
13.23 

2.96 
3.40 

1.77 
2.05 

40.11 

14.54 
17.18 

11.63 
13.74 

11.96 
14.02 

3.84 
4.29 

2.90 
3.43 

3.33 
3.86 

47.45 

38.65 

45.65 

39.58 
46.40 

1.45 
1.69 

10445 
12214 

10877 
12623 

11010 
12668 

10777 
12501 


14420 

14418 


14305 
14381 


DISTRICT  NO.  4— McLEAN  CO.,  NO.  5  COAL 

100 

13.32 
Dry 

38.00 
43.84 

36.21 
41.78 

12.47 
14.38 

3.73 
4.30 

1.20 
1.39 

10580 
12206 

14604 

DISTRICT  NO.  4— MENARD  CO.,  NO.  5  CX)AL 

34 

17.33 
Dry 

35.88 
43.40 

38.62 
46.72 

8.17 
9.88 

3.44 
4.16 

.50 
.60 

10499 
12700 

14478 

DISTRICT  NO.  4-PEORIA  CO.,  NO.  5  COAL 

10951 
12448 

10421 
12260 

10736 
11980 

10673 
12423 

10732 
12693 

10414 
12415 

10654 
12369 


14614 
i46i4 


14670 


14617 


14687 


14575 
14629 


67 

Table   3. — Average  analyses   and   heat   values  for  separate  mines  and  "by 
counties — grouped  according  to  districts — Continued. 

DISTRICT  NO.  4— SANGAMON  CO.,  NO.  5  COAL 


Index 
number 

Moisture 

Volatile 
matter 

Fixed 
carbon 

Ash 

Sulphur 

CO2 

B.  t.  u. 

"Unit 
ocel" 

36 

15.34 
Dry 

36.54 
43.16 

37.83 
44.68 

10.29 
12.16 

3.67 
4.33 

.59 
.70 

10619 
12425 

14450 

37 

13.78 
Dry 

37.82 
43.86 

37.69 
43.71 

10.73 
12.44 

4.11 
4,77 

.47 
.55 

10625 
12323 

14396 

38 

14.26 
Dry 

38.07 
44.40 

37.48 
43.71 

10.19 
11.89 

4.14 
4.83 

.37 
.43 

10649 
12420 

14410 

39 

13.31 
Dry 

37.43 
43.17 

36.66 
42.29 

12.60 
14.54 

4.72 
5.45 

.94 
1.09 

10398 
11995 

14420 

40 

15.06 
Dry 

36.69 
43.19 

38.15 
44.92 

10.10 
11.89 

4.08 
4.80 

.59 
.69 

10584 
12460 

14403 

119 

14.06 
Dry 

35.85 
41.71 

39.54 
46.01 

10.54 
12.26 

3.74 
4.31 

.43 
.50 

10686 
12434 

"""""14479 

120 

13.62 
Dry 

36.81 
42.62 

39.24 
45.42 

10.32 
11.95 

3.93 
4.55 

.79 
.92 

10786 
12487 

14452 

131 

10.73 
Dry 

34.55 
40.30 

40.77 
47.83 

10.28 
11.96 

3.75 
4.37 

.45 
.52 

10741 
12491 

14502 

122 

13.15 
Dry 

35.62 
41.02 

41.28 
47.54 

9.93 
11.44 

3.90 
4.49 

.62 
.72 

10812 
12449 

14434 

B  M 

13.70 
Dry 

13.70 
Dry 

34.47 
39.95 

40.58 
47.03 

11.23 
13.01 

3.81 
4.42 

10696 
12332 

41 

13969 

Average 

36.38 
42.33 

38.92 
45.31 

'   10.62 
12.32 

3.98 
4.63 

.51 
.68 

10650 
12381 

14391 

DISTRICT  NO.  4— TAZEWELL  CO.,  NO.  5  COAL 


27 

14.38 
Dry 

15.76 
Dry 

15.07 
Dry 

37.74 
44.08 

34.36 
40.80 

36.05 
42.44 

38.23 
44.65 

40.60 
48.23 

39.41 
46.44 

9.66 
11.28 

9.26 
10.76 

9.46 
11.02 

3.10 
3.62 

3.30 
3.90 

3.20 
3.76 

1.20 
1.40 

.75 
.89 

.97 
1.14 

10809 
12624 

10660 
12656 

10734 
12640 

108 

14496 

Average 

14764 

14630 

DISTRICT  NO.  5— GALLATIN  CO.,  NO.  5  COAL 


47 

5.72 
Dry 

35.77 
37.94 

46.71 
49.54 

11.80 
12.52 

3.47 
3.68 

1.01 
1.07 

12053 
12784 

14919 

Extra 

4.13 
Dry 

34.21 
35.68 

52.80 
55.07 

8.86 
9.25 

3.23 
3.37 

.02 
03 

12987 
13546 

15175 

135 

3.96 
Dry 

35.38 
36.84 

50.23 
52.31 

10.41 
10.85 

3.37 
3.51 

.25 
.26 

12601 
12997 

14997 

Average 

4.60 
Dry 

35.12 
36.82 

49.91 
52.31 

10.36 
10.87 

3.36 
3.52 

.43 
.45 

12547 
13309 

15030 

58 

Table  3. — Average  analy$es  and   heat   values  far  separate  mines  and  hy 
counties — ifrauped  according  to  districts — Continued. 


DISTRICT  XO.  5— SALINE  CO.,  NO.  5  COAL 


1 

Index 
number 

Mouiture 

Volatile 
matter 

■      >'ixed 
CBrbon 

Aah 

Sulphur 

COa 

B.  t.  u. 

•'Unit 
coal" 

43 

6.97 
Dry 

6.70 
Dry 

7.03 
Dry 

7.96 
Dry 

7.67 
Dry 

5.20 
Dry 

6.83 
Dry 

6.59 
Dry 

6.01 
Dry 

5.68 
Dry 

6.51 
Dry 

5.98 
Dry 

6.22 
Dry 

7.61 
Dry 

5.78 
Dry 

7.07 
Dry 

4.83 
Dry 

6.08 
Dry 

1 

35.98 
38.68 

35.31 
37.85 

34.78 
37.41 

34.68 
37.68 

33.90 
36.72 

38.06 
40.15 

33.25 
35.70 

33.50 
35.87 

34.05 
36.23 

33.78 
35.82 

32.24 
34.48 

34.17 
36.34 

33.33 
35.54 

32.64 
35.05 

33.39 
35.44 

34.56 
37.19 

38.49 
40.65 

34.37 
36.61 

49.69 
53.41 

49.55 
53.11 

50.27 
54.07 

48.54 
52.74 

50.26 
54.43 

45.90 
48.42 

51.85 
55.67 

52.08 
55.75 

52.34 
55. 7D 

52.85 
55.75 

51.31 
54.87 

52.82 
56.21 

51.47 
54.89 

51.65 
55.99 

52.81 
56.06 

51.07 
54.95 

46.74 
49.12 

51.05 
54.36 

7.36 
7.82 

8.44 
9.04 

7.92 
8.52 

8.82 
9.58 

8.17 
8.85 

10.84 
11.43 

8.03 
8.62 

7.82 
8.37 

7.58 
8.06 

7.94 
8.42 

9.  S3 
10.63 

7.02 
7.47 

8.96 
9.56 

8.24 
8.95 

8.01 
8.50 

7.29 
7.85 

9.73 
10.22 

8.47 
9.02 

2.05 
2.20 

2.56 
2.74 

2.48 
2.67 

2.79 
3.03 

2.56 
2.77 

4.60 
4.85 

2.24 
2.40 

2.37 
2.54 

2.56 
2.61 

2.13 
2.26 

1.87 
2.01 

2.01 
2.17 

2.71 
2.83 

2.08 
2.22 

2.26 
2.72 

2.15 
2.31 

4.03 
4.23 

2.83 
2.96 

.32 
.34 

.02 
.02 

.26 
.28 

.46 
.50 

.70 
.76 

.59 
.62 

.22 
.23 

.09 
.09 

.16 
.16 

.42 
.44 

.06 
.06 

.09 
.09 

.16 
.17 

12550 
13490 

12401 
13291 

12420 
13359 

12077 
13122 

12234 
13250 

12193 
12862 

12435 
13353 

12526 
18743 

12582 
13341 

12814 
13708 

12175 
13022 

12715 
13524 

12339 
13358 

12225 
13316 

12718 
13498 

12560 
13516 

12441 
13073 

12521 
13377 

44 

14829 

45 

14824 

46 

14806 

48 

14741 

49 

14739 

124 

14S24 

125 

14806 

126 

14831 

127 

14784 

128 
129 

14780 

14782 

130 

14840 

B  M 

14772 

5 

15208 

B  M 

A 

15120 

B.  M 

7 

15120 

B  M 

g 

14842 

Average 

.22 
.24 

14922 

DISTRICT  NO.  5— GALLATIN  CO.,  NO.  6  COAL 


Extra 

223 

Average 


7.64 
Dry 

7.04 
Dry 

7.29 
Dry 


34.96 
37.81 

34.97 
38.38 

34.96 
38.09 


45.68 
49.41 

48.15 
51.82 

46.91 
50.61 


11.82 
12.78 

8.83 
9.79 

10.33 
11.29 


4.34 
4.70 

4.37 
4.72 

4.36 
4.71 


.23 
.25 

.03 
.03 

.13 
.14 


11916 
12888 

123M 
13677 

12155 
13283 


15136 


15095 
15115 


59 


Table   3. — Average  analyses  and   heat  values  for  separate  mines  and   by 
counties — grouped  according  to  districts — Continued. 

EXTRA  SAMPLE-GALLATIN  CO.,  COAL  MARKED  "BELL" 


Index 
number 

Moisture 

Volatile 
matter 

Fixed 
carbon 

Ash 

Sulphur 

CO2 

B.  t.  u. 

••Unit 
ccal" 

3.40 
Dry 

33.33 
34.50 

55.18 
57.12 

8.09 
8.38 

4.25 
4.40 

.03 
.03 

13401 
13872 

15420 

228 


8.36 
Dry 


DISTRICT  NO.  6— WHITE  CO.,  NO.  6  COAL 


35.24 
38.49 


47.43 
51.80 


8.89 
9.71 


2.85 
3.11 


.64 
.69 


11923 
13022 


14654 


DISTRICT  NO.  6— FRANKLIN  CO.,  NO.  6  COAL 


50 

9.34 
Dry 

51 

10.28 
Dry 

52 

6.77 
Dry 

53 

10.18 
Dry 

56 

8.10 
Dry 

67 

9.67 
Dry 

58 

8.93 
Dry 

134 

8.28 
Dry 

136 

7.37 
Dry 

137 

10.21 
Dry 

138 

9.84 
Dry 

139 

7.87 
Dry 

140 

6.84 
Dry 

141 

10.19 
Dry 

142 

9.98 
Dry 

143 

• 

10.18 
Dry 

144 

10.46 
Dry 

145 

8.48 
Dry 

34.84 
38.42 

33.42 
37.26 

38.35 
41.14 

32.78 
36.50 

36.30 
39.50 

35.69 
32.24 

34.51 
37.89 

33.23 
36.22 

35.16 
37.98 

34.29 
35.67 

34.30 
39.09 

35.15 
38.14 

35.05 
37.61 

33.35 
37.14 

32.72 
36.34 

34.19 
36.74 

32.35 
36.13 

32.16 
35.16 


48.03 
52.99 

7.79 
8.59 

1.04 
L15 

.38 
.42 

49.05 
54.66 

7.25 
8.08 

1.18 
1.32 

.10 
.11 

44.62 
47.85 

10.26 
11.00 

3.13 
3.36 

.91 
.98 

48.88 
54.41 

8.16 
9.09 

.64 
.71 

.61 
.68 

45.34 
49.34 

10.26 
11.16 

2.51 
2.73 

.74 
.80 

49.55 
54.86 

8.54 
9.45 

.95 
1.05' 

.32 
.35 

48.80 
53.59 

7.76 
8.52 

.74 
.81 

.36 
.40 

47.34 
54.17 

8.80 
9.59 

1.26 
1.38 

.20 
.22 

47.89 
51.57 

9.66 
10.43 

2.50 
2.72 

.37 
.40 

47.70 

7.79 
8.65 

.79 
.88 

53.13 

47.93 

7.91 
8.78 

9.36 
10.14 

.76 
.84 

2.28 
2.47 

53.16 

47.60 
51.70 

.22 
.24 

49.22 
52.86 

8.87 
9.52 

2.54 
2.71 

.18 
.19 

48.66 

7.79 
8.68 

8.09 
8.98 

7.12 
7.92 

7.51 
8.38 

8.46 
9.24 

1.11 
1.50 

.83 
.92 

1.30 
1.44 

.73 
.82 

1.03 
1.13 

54.18 

49.20 

54.66 

48.54 

54.04 

49.66 

55.47 

50.88 
55.45 

.16 
.17 

12004 
13241 

11890 
13252 

11875 
12737 

11661 
12983 

11826 
12758 

11756 
13015 

11937 
13108 

11962 
12885 

11757 
12602 

11813 
13155 

11824 
13113 

11790 
14351 

11964 
12708 

11824 
13166 

11903 
13224 

11936 
12827 

11807 
13216 

11917 
12969 


14633 


14562 


14554 


14419 


14601 
14529 


14463 


14487 


14433 


14556 
14392 


14461 


14412 


14632 


14675 


14700 


14550 


14503 


60 

Table   3. — Average  analyses   and   heat   values  for  separate  mines  and   by 
counties — grouped  according  to  districts — Continued. 

DISTRICT  NO.  6— FRANKLIN  CO.,  NO.  6  COAL— Concluded. 


Index 
number 

Moisture 

Volatile 
matter 

Fixed 
carbon 

A«h 

Sulphur 

COa 

B.  t.  u. 

"Unit 
ccar* 

146 

9.28 
Dry 

8.42 
Dry 

9.35 
Dry 

8.61 
Dry 

9.50 
Dry 

10.63 
Dry 

9.00 
Dry 

9.18 
Dry 

9.96 
Dry 

7.14 
Dry 

8.99 
Dry 

9.83 
Dry 

10.21 
Dry 

8.25 
Dry 

9.84 
Dry 

9.58 
Dry 

8.33 
Dry 

9.11 
Dry 

31.39 
38.84 

33.91 
37.43 

32.41 
35.76 

33.69 
36.87 

31.98 
36.34 

28.83 
32.26 

34.27 
37.66 

33.93 
37.36 

32.86 
36.49 

30.69 
33.93 

32.21 
35.39 

32.76 
36.34 

32.45 
36.13 

31.30 
34.11 

34.58 
38.04 

33.58 
37.14 

34.91 
38.07 

33.53 
36.75 

60.06 
55.18 

46.45 
51.29 

49.39 
52.92 

48.47 
53.04 

47.08 
52.02 

52.03 
58.24 

48.08 
52.83 

48.51 
53.42 

49.06 
54.49 

50.47 
55.80 

49.75 
51.40 

49.52 
54.93 

49.33 
54.94 

49.65 
54.12 

47.03 
53.16 

48.20 
53.31 

48.45 
52.87 

48.59 
53.57 

9.27 
10.21 

10.20 
11.25 

8.84 
9.75 

9.21 
10.07 

11.44 
12.64 

8.48 
9.49 

8.64 
9.50 

8.36 
9.37 

8.11 
9.01 

9.27 
10.26 

9.29 
11.94 

7.87 
8.73 

8.01 
8.92 

10.79 
11.76 

7.91 
8.78 

8.63 
9.54 

8.29 
9.05 

8.68 
9.61 

.69 
.76 

3.27 
3.61 

1.41 
L55 

1.09 
1.19 

1.45 
1.60 

5.53 
6.20 

1.06 
1.17 

.92 
1.01 

.80 
.89 

.51 
.57 

.88 

.97 

1.00 
1.11 

1.02 
1.18 

1.08 
1.18 

.76 
.84 

1.09 
1.21 

1.09 
1.18 

1.39 
1.54 

11908 
12962 

11569 
12773 

11858 
13016 

11921 
13020 

11506 
12713 

11585 
12734 

11900 
13165 

11911 
13116 

11901 
13215 

11727 
12964 

11788 
12953 

11901 
13199 

11152 
13162 

11645 
12128 

11824 
13113 

11866 
13125 

12050 
13146 

11815 
13023 

14558 

147 

14649 

B.  M. 

9 

14686 

B.  M. 

10 

14688 

B.  M. 

11 

14780 

B.  M. 

12 

14909 

B.  M. 

13 

14712 

B.  M. 

14 

14620 

B.  M. 

15 

14672 

B.  M. 

16 

14602 

B.  M. 

17 

14673 

B.  M. 

18 

14609 

B.  M. 

19 

14605 

B.  M. 

20 

14580 

B.  M. 

21 

14514 

B.  M. 

22 

14640 

B.  M. 

58 

14618 

Average 

.37 
.41 

14590 

DISTRICT  NO.  6-JACKSON  CO.,  NO.  6  COAL 


55 

183 

Average 


8.96 
Dry 

9.74 
Dry 

9.35 
Dry 


34.44 
37.83 

34.58 
38.32 

34.51 
38.07 


46.40 
50.97 

46.62 
51.58 

46.51 
51.27 


10.20 
11.20 

9.34 
10.28 

9.77 
10.74 


2.65 
2.91 

1.43 
1.58 


2. 
2. 


04 
24 


.40 
.44 

.14 
.15 

.27 
.29 


11609 
12751 

11467 
12693 

11638 
12722 


14608 


14343 
14475 
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Table   3. — Average  analyses   and   heat   values  for  separate  mines  and   hy 
counties — grouped  according  to  districts — Continued. 


DISTRICT  NO.  6-PERRY  CO..  NO. 

6  COAL 

Index 
number 

Moisture 

Volatile 
matter 

Fixed 
carbon 

Ash 

Sulphur 

CO2 

B.  t.  u. 

"Unit 
coal" 

54 

9.92 
Dry 

10.14 
Dry 

9.77 
Dry 

8.83 
Dry 

9.31 
Dry 

12.08 
Dry 

10.96 
Dry 

10.14 
Dry 

32.72 
36.81 

35.64 
39.67 

34.99 
38.78 

37.36 
40.99 

33.64 
37.10 

33.81 
38.46 

32.52 
36.53 

34.38 
38.33 

46.97 
52.15 

43.76 
48.70 

42.19 
47.13 

43.02 
47.18 

47.51 
52.39 

44.87 
51.04 

48.64 
54.63 

45.28 
50.46 

10.39 
11.53 

10.45 
11.63 

12.70 
14.06 

10.78 
11.82 

9.52 
10.50 

9.22 
10.49 

7.86 
8.83 

10.13 
11.26 

.92 
1.02 

3.66 
4.08 

4.09 
4.54 

3.40 
3.73 

1.07 
1.18 

.99 
1.69 

.85 
.96 

2.14 
2.45 

.25 
.28 

.36 
.40 

.32 
.34 

.12 
.13 

.20 
.23 

11335 
12583 

11356 
12455 

10815 
11967 

11295 
12202 

11596 
12278 

11227 
12769 

11542 
12963 

11309 
12462 

1 

175 

14407 

178 

14379 

179 

14330 

180 

14327 

181 

14337 

14446 

B  M 

29 

14365 

Average 

.25 
.27 

14370 

DISTRICT  NO.  6-WILLIAMSON  CO.,  NO.  6  COAL 

59 

10.47 
Dry 

32.99 
36.85 

47.27 
52.80 

9.27 
10.35 

1.52 
L70 

.38 
.43 

11630 
12990 

14684 

60 

8.22 
Dry 

34.00 
37.04 

48.79 
53.16 

8.99 
9.80 

2.16 
2.35 

.33 
.36 

11959 
13080 

14660 

61 

9.27 
Dry 

33.83 
37.28 

49.70 
54.78 

7.20 
7.94 

1.37 
1.51 

.13 
.14 

12127 
13366 

14671 

62 

9.13 
Dry 

33.09 
36.42 

49.94 
54.95 

7.84 
8.63 

1.17 
1.29 

.22 
.24 

12028 
13236 

14637 

63 

9.47 
Dry 

33.45 
36.96 

48.13 
53.16 

8.95 
9.88 

1.Q4 
2.14 

.36 
.40 

11852 
13092 

14730 

64 

9.34 
Dry 

32.77 
36.15 

49.48 
54.58 

8.41 
9.27 

.92 
1.01 

.52 
.57 

11872 
13095 

14577 

65 

9.31 
Dry 

33.52 
36.96 

48.98 
54.01 

8.19 
9.03 

1.70 
1.88 

.13 
.14 

11919 
13143 

14627 

148 

7. 99 
Dry 

33.48 
36.39 

50.15 
54.51 

8.37 
9.09 

1.21 
1.32 

.15 
.16 

12129 
13183 

14664 

149 

6.31 
Dry 

35.09 
37.45 

47.86 
51.11 

10.73 
11.43 

3.08 
3.28 

.43 
.49 

11931 
12738 

14697 

150 

5.98 
Dry 

35.00 
37.23 

47.69 
50.72 

11.29 
12.01 

4.00 
4.25 

.26 
.27 

11786 
12536 

14550 

151 

6.91 
Dry 

36.41 
39.11 

47.09 
50.58 

9.59 
10.30 

2.78 
2.99 

.10 
.11 

12015 
12607 

14625 

152 

7.03 
Dry 

32.26 
34.70 

51.63 
55.53 

9.07 
9.75 

1.32 
1.42 

.31 
.33 

12117 
13009 

14617 

153 

9.63 
Dry 

7.90 
Dry 

32.30 
37.49 

49.54 
54.83 

8.52 
9.43 

.91 
1.01 

11824 
13086 

14607 

154 

32.28 
35.05 

51.29 
56.70 

8.52 
9.24 

1.19 
1.29 

.17 
.19 

12108 
13129 

14530 

155 

8.21 
Dry 

32.75 
35.67 

51.09 
55.66 

7.94 
8.66 

1.18 
1.29 

.14 
.16 

12017 
13043 

14485 

156 

8.24 
Dry 

82.91 
34.56 

52.98 
57.74 

7.05 
7.28 

1.40 
1.54 

.12 
.13 

12150 
13202 

14448 

62 


Table  3.- 


-Averoffe  analyaea  and  heat  values  for  separate  mines  and  by 
counties — grouped  according  to  districts — Continned. 

DISTRICT  NO.  6— WILLIAMSON  CO..  NO.  6  COAL— Concluded. 


Index 
number 

Moisture 

Volatile 
matter 

Fixed 
carbon 

ABh 

Sulphur 

COa 

B.  t.  u. 

"Unit 
coal" 

157 

8.20 
Dry 

8.64 
Dry 

7.59 
Dry 

8.07 
Dry 

9.07 
Dry 

9.90 
Dry 

6.62 
Dry 

7.31 
Dry 

8.04 
Dry 

7.46 
Dry 

7.78 
Dry 

6.22 
Dry 

6.10 
Dry 

6.40 
Dry 

7.29 
Dry 

6.40 
Dry 

6.95 
Dry 

6.93 
Dry 

11.44 
Dry 

9.89 
Dry 

8.65 
Dry 

7.78 
Dry 

8.94 
Dry 

9.07 
Dry 

8.07 
Dry 

34.51 
37*59 

31.07 
33.97 

33.59 
34.90 

32.69 
35.44 

33.00 
36.30 

33.23 
36.88 

34.97 
37.92 

34.18 
36.88 

33.04 
36.92 

32.79 
35.44 

32.75 
35.50 

36.59 
38.60 

35.44 
37.74 

36.71 
39.22 

34.93 
37.68 

36.38 
38.87 

36.05 
38.75 

33.52 
36.02 

30.82 
34.77 

31.30 
84.22 

30.20 
33.06 

31.81 
34.49 

32.41 
35.56 

33.00 
36.30 

83.62 
36.43 

48.33 
52.67 

51.88 
56.73 

50.40 
54.64 

60.70 
55.16 

49.84 
54.81 

48.10 
63.38 

47.61 
51.17 

46.48 
50.15 

49.10 
53.42 

49.32 
53.31 

50.34 
54.60 

46.09 
48.63 

47.27 
60.36 

47.70 
50.96 

47.65 
51.39 

48.20 
51.49 

46.33 
48.73 

50.04 
53.77 

46.70 
62.79 

60.62 
66.38 

62.99 
68.01 

61.75 
53.20 

60.97 
65.98 

49.84 
54.81 

60.12 
53.48 

8.95 
9.74 

8.50 
9.29 

9.74 
10.54 

8.64 
9.39 

8.08 
8.88 

8.77 
9.74 

10.75 
11.52 

12.02 
12.97 

9.81 
10.66 

10.41 
11.24 

9.11 
9.88 

12.08 
12.75 

11.18 
11.91 

9.19 
9.82 

10.13 
10.93 

9.02 
9.64 

11.65 
12.61 

9.49 
10.20 

11.02 
12.43 

9.52 
10.40 

8.17 
8.92 

8.65 
9.39 

7.66 
8.41 

8.18 
8.88 

9.26 
10.05 

2.50 
2.71 

2.22 
2.42 

3.11 
3.36 

2.14 
2.32 

.98 
1.08 

1.27 
1.41 

3.16 
3.28 

3.07 
3.31 

2.24 
2.42 

2.86 
3.05 

1.88 
2.03 

3.65 
3.76 

3.85 
4.11 

3.41 
3.64 

3.78 
4.08 

3.45 
3.69 

3.54 
8.81 

2.03 
2.18 

2.82 
3.17 

1.79 
2.23 

1.23 
1.34 

1.68 
1.71 

1.26 
1.39 

.98 
1.08 

2.17 
2.84 

w                 

.24 
.25 

.17 
.18 

.13 
.14 

.05 
.05 

12007 
13081 

11861 
12892 

11880 
12720 

11966 
12900 

11923 
13115 

11716 
13003 

11875 
12702 

11635 
12553 

11854 
12893 

11733 
12529 

11926 
12868 

11909 
12460 

11786 
12414 

12150 
12981 

11746 
12669 

12179 
13012 

11744 
12623 

12039 
12934 

11191 
12708 

11983 
13085 

12079 
13220 

12081 
13129 

12112 
13303 

11923 
13078 

11649 
12940 

158 

14718 

169 

14535 

160 

14625 

161 

14564 

14539 

162 

^ 

14579 

163 

14624 

164 

14726 

165 

.70 
.76 

.55 
.60 

.27 
.29 

.36 
.38 

.36 
.38 

.04 
.04 

.04 
.04 

.04 
.04 

.52 
.56 

166 

14655 

167 

14540 

168 

14650 

169 
170 

14707 
14553 

171 

14644 

172 

14334 

173 

14648 

174 

14787 

14610 

B.  M. 

23 

12275 

B.  M. 

24 

14815 

B.  M. 

26 

14725 

H,    Ala 

26 

14779 

B.  M. 

27 

14679 

B.  M. 

28 

14507 

Average 

.26 

.27 

14463 

63 

Table   3. — Average  (malyses  and   heat   values  for  separate  rrdnes  and   by 
counties — grouped  according  to  districts — Continued. 

DISTRICT  NO.  7— BOND  CO.,  NO.  6  COAL 


Index 
number 

Moisture 

Volatile 
matter 

Fixed 
carbon 

1 

1 
Ash      1  Sulphur 

1 

CO2 

B.  t.  u. 

"Unit 
coal" 

218 

11.96 
Dry 

35.09 
39.86 

42.31 
48.06 

10.30 
12.07 

3.38 
3.84 

.66 
.70 

10806 
12274 

14240 

DISTRICT  NO.  7-CHRISTIAN  CO.,  NO.  1  COAL 


21 


11.31 
Dry 


38.89 
43.85 


I 


40.94 
46.16 


8.86 
9.99 


2.35 
2.65 


.43 
.48 


DISTRICT  NO.  7-CHRISTIAN  CO.,  NO.  2  COAL 


11602 
13081 


14717 


21 


12.96 
Dry 


38.96 
45.01 


40.94 
47.04 


6.92 
7.35 


3.13 
3.60 


.20 
.24 


11591 
13319 


14691 


DISTRICT  NO.  7— CHRISTLVN  CO.,  NO.  6  COAL 


219 

12.00 
Dry 

37.22 
42.29 

39.77 
45.19 

11.01 
12.61 

3.85 
4.38 

.46 
.51 

10798 
12271 

14455 

220 

13.91 
Dry 

36.39 
42.28 

39.32 
45.68 

10.36 
12.02 

4.00 
4.65 

.54 
.63 

10682 
12410 

14493 

221 

12.04 
Dry 

37.09 
42.17 

40.60 
46.16 

10,25 
n.66 

4.17 
4.74 

.22 
.26 

10887 
12438 

14293 

222 

12.10 
Dry 

37.64 
42.83 

41.00 
46.73 

9.17 
10.43 

3.71 
4.22 

.11 
.13 

11043 
12565 

13917 

B.  M. 

12.67 
Dry 

37.27 
42.75 

39.44 
45.17 

10.55 
12.08 

3.65 
4.38 

10919 
12504 

56 

14442 

Average 

12.54 
Dry 

37.12 
42.46 

40.03 
45.79 

10.27 
11.74 

3.89 
4.47 

.33 
.38 

10866 
12438 

14320 

DISTRICT  NO.  7-CLINTON  CO.,  NO.  6  COAL 


84 

12.86 
Dry 

85 

12.39 
Dry 

198 

11.09 
Dry 

199 

11.17 
Diy 

B.M. 

46 

11.71 
Dry 

B.M. 

47 

12.53 
Dry 

B.M. 
48 

14.76 
Dry 

Average 

12.35 
Dry 

37.26 
42.76 

36.88 
42.10 

36.  P9 
41.61 

34.93 
39.32 

36.21 
39.88 

33.43 
38.16 

29.62 
34.75 

34.90 
39.79 


39.53 
45.36 

10.35 
11.88 

4.26 
4.89 

.68 
.66 

40.68 
46.43 

10.05 
11.47 

3.52 
4.02 

.72 
.82 

41.04 
46.17 

10.86 
12.21 

3.51 
3.95 

.61 
.69 

43.26 
48.69 

10.64 
11.98 

3.58 
4.03 

.44 
.50 

42.63 

10.44 
11.82 

9.83 
11.23 

9.64 
11.31 

4.06 
4.59 

3.96 
4.62 

1.57 
1.84 

48.29 

44.20 

50.55 

45.98 

53.94 

42.47 
48.49 

10.25 
13.12 

3.49 
3.97 

.58 
.66 

10755 
12342 

10836 
12368 

10887 
12242 

10920 
12294 

11011 
12441 

10947 
12503 

10726 
12629 

10871 
12402 


14335 


14245 


14450 


13853 


14363 


14801 


14447 
14356 
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Table   3. — Avercige  analyses   and    heat   values  for  separate  mines  and   by 
counties — grouped  according  to  districts — Continued. 

DISTRICT  NO.  7-MACOUPIN  CO.,  NO.  6  COAL 


Index 
number 


MoiBture 


Volatile 
matter 


Fixed 
carbon 


Ash 


Sulphur 


CO« 


B.  t.  u. 


66 

67 

68 

69 

185 

186 

187 

188 

189 

190 

228 


B.  M. 

30 

B.  M. 

31 

Average 


14.26 
Dry 

14.19 
Dry 

12.87 
Dry 

14.20 
Dry 

11.85 
Dry 

10.78 
Dry 

13.56 
Dry 

11.97 
Dry 

13.93 
Dry 

14.11 
Dry 

14.03 
Dry 

14.29 
Dry 

14.25 
Dry 

13.36 
Dry 


38.70 
45.14 

37.48 
43.68 

39.24 
45.04 

37.40 
43.59 

39.35 
44.62 

37.82 
42.54 

36.74 
42.51 

38.65 
43.91 

35.12 
40.80 

34.23 
39.86 

37.17 
43.24 

34.18 
39.86 

36.85 
42.48 

37.32 
42.86 


37.07 
43.24 

38.24 
44.57 

38.73 
44.45 

36.95 
43.06 

39.77 
45.14 

40.56 
45.64 

38.83 
44.92 

40.00 
46.50 

42.04 
48.85 

42.42 
49.39 

39.60 
46.06 

40.16 
46.86 

39.20 
45.20 

39.58 
45.42 


9.97 
11.62 

9.99 
11.75 

9.16 
10.51 

11.45 
13.35 

9.01 
10.23 

10.49 
11.81 

10.80 
12.57 

8.42 
9.57 

8.89 
10.34 

9.23 
10.74 

9.20 
10.70 

11.36 
13.27 

10.68 
12.31 

9.92 
11.46 


4.34 
5.06 

3.92 
4.57 

4.56 
5.23 

4.42 
5.15 

3.49 
3.96 

4.00 
4.50 

4.19 
4.85 


3. 

4. 

3. 
4. 

3. 
4. 


93 
46 

78 
39 

63 
22 


3.49 
4.06 


3. 

4. 

4. 

4. 


91 
57 

21 
85 


4.01 
4.63 


.41 
.48 

.33 
.39 

.30 
.35 

.29 
.34 

.28 
.32 

.66 
.74 

.40 
.47 

.14 
.16 

.11 
.13 

.15 
.18 


.30 
.35 


DISTRICT  NO.  7— MADISON  CO.,  NO.  6  COAL 


10549 
12304 

10558 
12447 

10964 
12583 

10438 
12165 

11069 
12557 

10906 
12271 

10549 
12203 

11061 
12566 

11012 
12407 

107D9 
12466 

10753 
12508 

10536 
12260 

10632 
12258 

10752 
12380 


"Unit 
ooal" 


14236 


14408 


14365 


14388 


14243 


14208 


14279 


14189 


14129 


14191 


14273 


14558 


14298 
14290 


70 

12.81 
Dry 

38.67 
44.35 

37.40 
42.91 

11.12 
12.76 

4.80 
5.51 

.44 

.54 

10661 
12227 

14365 

71 

12.52 
Dry 

39.55 
45.21 

37.51 
42.88 

10.42 
11.91 

4.09 
4.68 

.61 
.70 

10871 
12427 

14421 

72 

13.82 
Dry 

37.54 
43.56 

38.94 
45.19 

9.70 
11.25 

4.25 
4.93 

.25 
.29 

10722 
12441 

14391 

73 

14.71 
Dry 

38.61 
45.27 

38.22 
44.81 

8.46 
9.92 

3.76 
4.41 

.28 
.33 

10785 
12645 

14305 

191 

12.97 
Dry 

38.33 
44.05 

37.82 
43.46 

10.86 
12.47 

3.69 
4.24 

.51 
.59 

10708 
12305 

14362 

192 

11.64 
Dry 

37.02 
41.89 

41.06 
46.47 

10.27 
11.62 

4.04 
4.57 

.44 

.60 

10963 
12407 

14511 

B  M 

12.69 
Dry 

10.69 
Dry 

13.25 
Dry 

35.12 
40  19 

36.14 
43  68 

14.04 
15.80 

4.32 
4.94 

10232 
11750 

32 

14619 

B   M 

33.08 
37  04 

36.14 
40  47 

20.09 
22.49 

4.06 
4.55 

9713 
10876 

33 

14560 

B  M 

34.03 
39.44 

40.09 
46.47 

12.11 
14.08 

3.98 
4.61 

10371 
12057 

34 

14448 
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Table   3. — Average  analyses   and    heat   values  for  separate  mines  and   hy 
counties — grouped  according  to  districts — Continued. 


DISTRICT  NO.  7— MADISON  CO..  NO.  6  COAL— Concluded. 


Index 
number 

Moisture 

Volatile 
matter 

Fixed 
carbon 

Ash 

Sulphur 

COa 

B.  t.  u. 

"Unit 
coar' 

B.M. 
35 

B.M. 
36 

B.M. 

38 

B.M. 

39 

B.M. 

40 

Average 

12.95 
Dry 

13.07 
Dry 

15.09 
Dry 

15.19 
Dry 

12.69 
Dry 

13.14 
Dry 

34.11 
39.19 

34.27 
39.42 

31.00 
36.51 

31.02 
36.57 

36.50 
41.80 

35.63 
41.03 

41.11 
47.23 

40.79 
46.93 

46.49 
54.75 

43.41 
51.19 

41.45 
47.76 

44.31 
46.01 

11.81 
13.57 

11.86 
13.64 

7.42 
8.74 

10.36 
12.23 

9.35 
10.71 

12.50 
12.94 

4.06 
4.66 

4.45 
5.11 

.83 
.98 

1.44 
1.70 

3.72 
4.05 

3.67 
4.21 

10699 
12292 

^562 
12115 

11151 
13133 

10737 
12567 

11025 
12627 

10667 
12276 

14565 

14532 

14533 

14526 

• 

14466 

.42 

.49 

14471 

DISTRICT  NO.  7— MARION  CO.,  NO.  6  COAL 


87 
206 
207 


B.M. 
52 

Avo'age 


76 
77 
194 
195 
196 
197 


B,  M. 
43 

B.  M. 
44 

B.  M. 
45 

Average 


10.46 
Dry 

9.93 
Dry 

10.41 
Dry 

10.69 
Dry 

10.37 
Dry 


36.85 
41.15 

36.45 
40.47 

36.71 
40.98 

36.01 
40.32 

86.60 
40.75 


41.53 
46.38 

42.22 
46.89 

42.31 
47.22 

41.76 
46.78 

41.95 
46.81 


11.16 
12.47 

11.38 
12.63 

10.56 
11.79 

11.63 
12.89 

11.15 
12.44 


4.01 
4.48 

4.06 
4,50 

3.27 
3.65 

3.60 
4.03 

3.96 
4.16 


42 
47 

,31 
34 

43 
49 


,29 
,32 


DISTRICT  NO.  7— MONTGOMERY  CO.,  NO.  6  COAL 


11174 
12480 

11168 
12401 

11267 
12576 

11018 
12257 

11156 
12428 


13.89 
Dry 

14.40 
Dry 

13.19 
Dry 

12.87 
Dry 

12.27 
Dry 

14.71 
Dry 

13.54 
Dry 

13.17 
Dry 

13.47 
Dry 

13.50 
Dry 


37.05 
43.04 

36.70 
42.88 

36.30 
41.81 

36.07 
41.39 

36.79 
41.87 

34.67 
40.66 

38.85 
44.47 

33.64 
38.75 

34.62 
40.01 

34.96 
41.65 


38.44 
44.64 

39.84 
46.54 

40.62 
47.03 

41.61 

47.77 

40.62 
46.23 

41.79 
49.01 

42.09 
48.69 

41.34 
47.62 

40.32 
46.60 

40.74 
47.12 


10.62 
12.32 

9.06 
10.58 

9.68 
11.15 

9.44 
10.83 

10.45 
11.89 

8.79 
10.32 

11.64 
13.45 

11.83 
13.62 

11.57 
13.37 

10.34 
11.94 


3.85 
4.47 

3.83 
4.47 

4.07 
4.69 

3.83 
4.40 

4.42 
5.04 

3.85 
4.51 

3.99 
4.61 


.94 
1.10 

.49 
.67 

.49 
.57 

.45 
.61 

.73 
.83 

.42 

.49 


3.47 
4.64 

3.91 
4.60 


.68 
.67 


10574 
12280 

10709 
12611 

10779 
12418 

10844 
12447 

10799 
12296 

10688 
12416 

10560 
12195 

10548 
12168 

10568 
12202 

10661 
12326 


14574 


14682 


14636 


14650 
14585 


14312 


14268 


14270 


14348 
14271 


14113 


14463 


14394 


14417 
14316 


G  B 


G6 


Table   3. — Average  analyses   and   heat   values  for  separate  mines  and   by 
counties — grouped  according  to  districts — Continued. 


DISTRICT  NO.  7-MOULTRIE  CO..  NO.  6  COAL 


Index 
number 

Moisture 

Volatile 
matter 

Fixed 
carbon 

Ash 

Sulphur 

COa 

B.  t.  u. 

•Tnit 
coal" 

225 

6.83 
Dry 

39. 15 
42.01 

42.31 
45.41 

11.37 
12.56 

4.01 
4.31 

.57 
.61 

11878 
12738 

14882 

83 

208 

209 

210 

Average 


DISTRICT  NO.  7— RANDOLPH  CO.,  NO.  6  COAL 


DISTRICT  NO.  7- 

-PERRY  CO.,  NO. 

6  COAL 

88 

0.61 
Dry 

37.09 
41.03 

41.27 
45.66 

12.03 
13.30 

3.70 
4.10 

.86 
.95 

109R2 
12150 

14331 

89 

12.45 
Dry 

36.14 
41.28 

42.77 
48.85 

8.64 
9.87 

2.80 
3.20 

.27 
.31 

11207 
12801 

14431 

90 

10.95 
Dry 

37.00 
41.55 

41.82 
46.96 

10.23 
11.50 

3.61 
4.05 

.66 
.63 

11060 
12420 

14314 

176 

10.17 
Dry 

36.37 
40.48 

43.32 
48.23 

10. 13 
11.28 

3.43 
3.61 

.48 
.52 

11180 
12446 

14254 

177 

9.45 
Dry 

35.01 
38.66 

•       41.03 
46.31 

13.61 
15.03 

3.84 
4.24 

.86 
.95 

10763 
11886 

14334 

182 

9.09 
Dry 

36.52 
39.38 

43.01 
48.30 

11.19 
12.31 

3.71 
4.08 

.41 

.45 

11139 
12252 

14263 

184 

7.99 
Dry 

38.16 
41.48 

42.59 
46.29 

11.24 
12.22 

3.57 
3.88 

.52 
.56 

11290 
12271 

14263 

Average 

9.95 
Dry 

36.61 
40.55 

42.51 
47.22 

11.01 
12.21 

3.52 

3.88 

.56 
.62 

11088 
12318 

14312 

11.13 
Dry 

8.39 
Dry 

10.17 
Dry 

9.64 
Dry 

9.33 
Dry 

9.73 
Dry 


37.28 
41.95 

37.50 

40.94  I 

I 

36.48  I 
40.61 

36.90 
40.84 

36.21 
39.93 

36.87 
40.85 


40.14 
45.17 

43.61 
47.60 

41.30 
45.98 

41.90 
46.37 

42.96 
47.38 

41.99 
46.50 


11.45 
12.89 

10.49 
11.45 

12.03 
13.40 

11.54 
12.77 

11.50 
12.69 

11.40 
12.64 


4.24 
4.77 

3.04 
4.30 

3.78 
4.24 


4. 
4. 


25 
70 


3.51 
3.87 

3.94 
4.37 


.58 
.65 

.17 
.10 

.61 
.67 

.64 
.71 

.32 
.35 

.46 
.51 


10855 
12214 

11275 
12308 

10940 
12184 

10060 
12131 

11189 
12341 

11043  ^ 
12235 


14351 


14180 


14388 


14227 


14434 
14316 


DISTRICT  NO.  7— SANGAMON  CO.,  NO.  6  COAL 

74 

14.25 
Dry 

14.15 
Dry 

13.12 
Dry 

14.82 
Dry 

14.08 
Dry 

38.42 
44.80 

37.58 
43.77 

36.48 
41.97 

34.81 
40.85 

36.82 
42.84 

37.22 
43.42 

38.99 
45.42 

40.21 
46.28 

39.76 
46.67 

39.04 
45.44 

10.11 
11.79 

9.28 
10.81 

10.18 
11.72 

10.60 

4.75 
5.54 

3.76 
4.38 

4.01 
4.61 

4.27 

.30 
.46 

.45 
.52 

.56 
.65 

10556 
12310 

10786 
13564 

10751 
12375 

10473 
12337 

10641 
12396 

75 

14287 

193 

14369 

B.M. 

14320 

42 

12.47            5.01 
10.04            4.10 

14516 

Average 

.46 
.54 

11.60 

4.88 

14373 

( 


iT 


Table    3. — Average   analyses   and   heat   values  for   separate   mines   and    "by 
counties — grouped  according  to  districts — Continued. 

DISTRICT  NO.  7-SHELBY  CO..  NO.  5  COAL 


Index 
number 

Moisture 

Volatile 
matter 

Fixed 
carbon 

Ash 

Sulphur 

CO2 

B.  t.  u. 

■ 

••Unit 
coal" 

217 

10.74 
Dry 

36.59 
41.15 

41.48 
46.64 

10.84 
12.20 

3.70 
4.16 

.52 

.59 

11050 
12426 

14568 

DISTRICT  NO.  7— vST.  CLAIR  CO..  NO.  6  COAL 


78 

11.75 
Dry 

11.31 
Dry 

10.04 
Dry 

11.23 
Dry 

11.94 
Dry 

13.74 
Dry 

11.66 
Dry 

11.09 
Dry 

12.26 
Dry 

11.52 
Dry 

9.67 
Dry 

13.55 
Dry 

10.75 
Dry 

10.78 
Dry 

11.52 
Dry 

.'^8.71 
43.86 

39.77 
44.84 

39.33 
43.72 

40.36 
45.47 

39.72 
45.10 

31.44 
36.47 

37.78 
42.38 

37.37 
42.04 

39.93 
44.63 

37.20 
42.05 

37.28 
41.27 

•     34.52 
38.90 

39.66 
41.71 

39.18 
43.89 

38.01 
42.59 

38. 12 
43.19 

38.92 
43.89 

39.09 
43.45 

38.31 
43.17 

37.53 
42.62 

43.54 
50.49 

40.80 
46.19 

39.59 
44.53 

39.32 
43.86 

41.67 
47.09 

41.22 
45.64 

42.06 
48.66 

37.99 
42.55 

38.96 
43.67 

39.79 
44.92 

11.43 
12.95 

10.00 
11.27 

11.54 
12.83 

10.10 
11.39 

10.81 
12.27 

11.24 
13.04 

10.09 
11.42 

11.93 
13.42 

10.39 
11.60 

9.61 
10.86 

11.82 
13.08 

10.76 
12.44 

14.00 
15.74 

11.08 
12.43 

11.05 
12.48 

3.63 
4.11 

3.94 
4.44 

3.91 
4.35 

4.03 
4.54 

4.46 
5.07 

1.79 
2.08 

3.69 
4.18 

4.62 
5.19 

4.32 
4.97 

2.82 
3.19 

3.30 
3.66 

3.33 
3.86 

4.09 
4.58 

4.11 
4.61 

3.71 
4.20 

.80 
.91 

.63 
.71 

.78 
.87 

.54 
.61 

.39 
.45 

.69 
.79 

.39 
.44 

.50 
.56 

.49 
.55 

.10 
.10 

.55 
.61 

10874 
12322 

11143 
12564 

11045 
12278 

11126 
12533 

10949 
12434 

10574 
12262 

11087 
12550 

10864 
12220 

11167 
12456 

11155 
12607 

11044 
12227 

10625 
12320 

10132 
11750 

11069 
12405 

10918 
12352 

79 

14466 

80 

14468 

81 

14398 

82 

14444 

200 

14510 

201 

14341 

202 

14537 

203 

14473 

204 

14401 

205 

14394 

B.M. 

14357 

49 

14419 

B.M. 

50 

14607 

B.M. 

51 

14678 

Average 

.53 
.60 

14463 

DISTRICT  NO.  7- WASHINGTON  CO.,  NO.  6  COAL 


86 

11.13 
Dry 

9.42 
Dry 

10.27 
Dry 

38.20 
42.98 

38.65 
42.68 

38.42 
42.83 

39.39 
44.32 

39.71 
43.84 

39.55 
44.08 

11.28 
12.70 

12.21 
13.47 

11.74 
13.08 

3.91 
4.40 

4.30 
4.75 

4.10 
4.57 

.50 
.56 

.52 
.57 

.51 
.56 

10964 
12337 

10058 
12098 

10961 
12217 

226 

14448 

Average 

14318 

14383 

GM 


Table    3. — Average   analyses   and    heat   values  for  separate   mines   and    by 
coithties — grouped  according  to  districts. — Concluded. 

DISTRICT  NO.  8-VERMILION  CO..  NO.  6  COAL 


Index 
number 

MoUture 

Volatile 
matter 

Fixed 
carbon 

Aflh 

Sulphur 

COs 

B.  t.  u. 

•Tnit 
coar* 

91 

14.44 
Dry 

15.59 
Dry 

15.19 
Dry 

12.59 
Dry 

14.23 
Dry 

16.16 
Dry 

15.62 
Dry 

14.83 
Dry 

35.04 
40.95 

33.47 
39.65 

34.95 
41.21 

40.16 
45.94 

34.00 
39.60 

34.09 
40.66 

35.59 
42.18 

35. 72 
41.45 

40.99 
47.91 

40.16 
47.58 

41.55 
48.99 

38.53 
44.08 

42.66 
49.86 

39. 19 
46.75 

39.97 
47.37 

40.43 
47.50 

9.53 
11.14 

10.78 
12.77 

8.31 
9.80 

8.72 
9.98 

9.10 
10.53 

10.56 
12.59 

8.82 
10.45 

9.40 
11.03 

2.37 
2.77 

2.33 

2.76 

2.04 
2.41 

3.49 
3.99 

2.30 
2.66 

1.74 
2.08 

1.68 
1.99 

2.27 
2.66 

.66 
.77 

.89 
1.06 

.65 

.77 

.80 
.92 

.77 
.90 

10982 
12836 

10508 
12449 

10961 
12925 

11228 
12845 

11043 
12873 

10433 
12443 

10845 
12852 

10857 
12946 

92 

14697 

93 

14536 

95 

14533 

212 

14532 

B  M 

14616 

53 

14472 

B.  M. 

54 

14554 

Average 

.75 
.88 

14562 

DISTRICT  NO.  8-VERMILION  CO.,  NO.  7  COAL 


94 

12.69 
Dry 

13.18 
Dry 

13.63 
Dry 

13.16 
Dry 

38.78 
44.42 

37.85 
43.59 

37.23 
43.13 

37.95 
39.02 

38.89 
44.54 

38.65 
44.52 

39.53 
45.73 

39.02 
44.93 

9.64 
11.04 

10.32 
11.89 

9.60 
11.13 

9.85 
11.35 

3.34 
3.83 

2.54 
2.92 

7.13 
8.33 

4.33 
5.02 

.52 
.59 

.60 
.69 

•11221 
12852 

11080 
12762 

11030 
12803 

11110 
12805 

97 

14725 

211 

14754 

14671 

Average 

.56 
.64 

14716 

STATE  OF  ILLINOIS 
DEPARTMENT  OF  REGISTRATION  AND  EDUCATION 


DIVISION  OF  THE 
STATE  GEOLOGICAL  SURVEY 

M.  M.  LEIOHTON.  ClUtf 


Cooperative  Mining  Series 

BULLETIN  28 


PRELIMINARY  REPORT  ON  COAL 

STRIPPING  POSSIBILITIES 

IN  ILLINOIS 


MAHOLD  E.  COLVER 


ILLINOIS  MINING  INVESTIGATIONS 

er  •  eoopentln  wmnMnt  betvean  the  Dilnoli  State  G«ik«lal  Sumy 
DiTlilofi.  tha  &«lnsarlng  Eiparlstent  Station  of  tha  UnlTenlly  of  IlUnola 
and  tha  U.  S.  Bureau  of  Mlnea 


OF  THE  BTATE  OF  ILLINOIS 


DRBANA,  IlX,INOIS 
1925 


The  Forty-seventh  General  Assembly  of  the  State  of  Illinois,  with 
a  view  of  conserving  the  lives  of  the  mine  workers  and  the  mineral 
resources  of  the  State,  authorized  an  investigation  of  the  coal  resources 
and  mining  practices  of  Illinois  by  the  Department  of  Mining  Engi- 
neering of  the  University  of  Illinois  and  the  State  Geological  Survey 
Division  in  cooperation  with  the  United  States  Bureau  of  Mines.  A 
cooperative  agreement  was  approved  by  the  Secretary  of  the  Interior 
and  by  representatives  of  the  State  of  Illinois. 

The  direction  of  this  investigation  is  vested  in  the  Director  of  the 
United  States  Bureau  of  Mines,  the  Chief  of  the  State  Geological 
Survey  Division,  and  the  Director,  Engineering  Experiment  Station, 
University  of  Illinois,  who  jointly  determined  the  methods  to  be 
employed  in  the  conduct  of  the  work  and  exercise  general  editorial 
supervision  over  the  publication  of  the  results,  but  each  party  to  the 
agreement  directs  the  work  of  its  agents  in  carrying  on  the  investiga- 
tion thus  mutually  agreed  on. 

The  reports  of  the  investigation  are  issued  in  the  form  of  bulle- 
tins, either  by  the  State  Geological  Survey  Division,  the  Engineering 
Experiment  Station,  University  of  Illinois,  or  the  United  States 
Bureau  of  Mines.  For  copies  of  the  bulletins  issued  by  the  State 
Geological  Survey  Division,  address  State  Geological  Survey  Division, 
Urbana,  Illinois;  for  those  issued  by  the  Engineering  Station,  address 
Engineering  Station,  University  of  Illinois,  Urbana,  Illinois;  and  for 
those  issued  by  the  U.  S.  Bureau  of  Mines,  address  Director,  U.  S. 
Bureau  of  Mines,  Washington,  D.  C.  (See  list  at  end  of  book.) 


DIVISION  OF  THE 
STATE  GEOLOGICAL  SURVEY 

M.  M.  LEIGHTON.  Chiaf 
Cooperative  Mininii  Series 

BULLETIN  28 


PRELIMINARY  REPORT  ON  GOAL 

STRIPPING  POSSIBILITIES 

IN  ILLINOIS 


HAROLD  E.  CULVER 


ILLINOIS  MINING  INVESTIGATIONS 

■  cooperative  ureemcnt  between  the  IlllnotsSule  Geological  Sur 
the  Enslneeiing  Eiperlmenl  Station  of  the  Unlienlly  of  llllnoii 
and  the  U.  S.  Bumu  o{  Minea 


URBANA,  ILLINOIS 
1925 


STATE  OF  ILLINOIS 
DEPARTMENT  OF  REGISTRATION  AND  EDUCATION 

DIVISION  OF  THE 

STATE  GEOLOGICAL  SURVEY 

M.  M.  LEIGHTON.  Chief 


Committee  of  the  Board  of  Natural  Resources 

and  Conservation 


A.  M.  Shelton,  Chairman 

Director  of  Registration  and  Education 

Kendbic  C.  Babcock 

Representing  the   President  of  the   Uni- 
versity of  Illinois 

Edsox  S.  Bastin 
Geologist 


SCHNEPP  &  Barnes,  Printers 
Springfield,  III. 
1925 

31136— 2M 


CONTENTS 


PAGE 

Introduction    7 

General  statement 7 

Early  coal  stripping  in  Illinois 7 

Present  extent  of  coal  stripping  in  Illinois 8 

Acknowledgments    8 

Important  features  of  strip  coal  land 9 

Thickness  and  quality  of  the  coal 10 

Thickness  and  character  of  overburden 10 

Percentage  recovered  by  stripping 11 

Transportation  and  market 11 

Possible  strip  coal  areas  in  Illinois 11 

General  statement  11 

Geology  of  the  Illinois  coal  field 13 

General  structure  of  the  Pennsylvanlan  system 13 

Vertical  range  of  the  coal  beds 13 

Coal  beds  above  or  below  the  middle  section 14 

Erosion  along  stream  valleys 14 

Areas  of  pocket  coal 15 

Glacial  drift  15 

Estimation  of  available  area  and  tonnage 16 

Chemical  composition  of  strip  coal 16 

County  reports 20 

Adams    20 

Brown    21 

Clay    57 

Edwards    57 

Effingham    57 

Fulton    21 

Gallatin   25 

Grundy  and  Will 26 

Hancock  27 

Jackson 28 

Jefferson    57 

Johnson    58 

Knox  32 

Marion    57 

Perry    : 33 

Pope    58 

(3) 


PAGF 

Randolph    35 

Richland    38 

Saline   39 

Schuyler    42 

St.   Clair    43 

Vermilion    45 

Wabash    49 

Warren    49 

Wayne    57 

Will   26 

Williamson    51 

Other  counties 56 

General  statement  56 

Effingham  and  Clay  counties 57 

Marion  and  JelTerson  counties 57 

Wayne  and  Edwards  counties 57 

Johnson  and  Pope  counties 58 

Bibliography    58 


(4) 


ILLUSTRATIONS 


FIGURE  PAGE 

1.  Map  of  Illinois  showing  locations  of  possible  stripping  areas 12 

2.  Map  of  Adams,  Brown,  and  Hancock  counties 20 

3.  Map  of  Pulton  County 23 

4.  Stripping  operation  in  the  Cuba  field,  Fulton  County 24 

5.  Map  of  Grundy  and  southwestern  Will  counties 26 

6.  Map  of  Perry  and  Jackson  counties 28 

7.  Strip  pit  at  Elkville,  Jackson  County 30 

8.  Tipple  and  layout  at  Elkville,  Jackson  County 31 

9.  Map  of  Knox  and  Warren  counties 33 

10.  Stripping  equipment  at  Duquoin  pit,  Perry  County 34 

11.  Loading  equipment  at  Duquoin  pit.  Perry  County 36 

12.  Map  of  Randolph  County 37 

13.  Map  of  Richland  County 38 

14.  Shovel  making  stripping  cut  at  Ledford,  Saline  County 41 

15.  Maximum  overburden  at  the  Ledford  strip  pit,  Saline  County 41 

16.  Map  of  Schuyler  County 43 

17.  Map  of  St.  Clair  County 44 

18.  Map  of  Vermilion  County 46 

19.  Map  of  Wabash  County 50 

20.  Map  of  Williamson,  Saline  and  western  Gallatin  counties 52 

21.  Diagrammatic  section  of  overburden  in  a  Williamson  County  pit. .  54 

22.  Coal  and  overburden  at  Spillertown  pit,  Williamson  County 55 

TABLES 


PAGE 

1.  Illinois  strip  mines  producing  in  1924 9 

2.  Estimate  of  stripping  resources  in  Illinois 17 

3.  Comparative  analyses  of  strip  and  deep  mine  coal  from  the  same  bed    18 


(5) 


A  PRELIMINARY  REPORT  ON  GOAL  STRIP- 
PING POSSIBILITIES  IN  ILLINOIS 

By  Harold  E.  Culver 

INTRODUCTION 
General  Statement 

There  has  be^n  an  increased  interest  the  past  year  in  the  strip- 
ping method  of  mining  coal  in  Illinois.  The  depression  in  the  coal 
industry  in  this  State,  resulting  from  higher  production  costs  than  in 
some  other  states,  has  stimulated  operators  to  turn  to  this  less  ex- 
pensive method  of  mining.  The  present  compilation  of  data  has  been 
made  in  response  to  many  requests  for  information  which  will  aid  in 
the  search  for  strip  coal  land.  This  brief  and  generalized  statement 
of  all  information  now  available  will  serve  to  show  what  areas  of  the 
State  are  likely  to  reward  careful  prospecting,  and  at  the  same  time 
indicate  those  portions  in  which  there  is  little  likelihood  of  any  com- 
mercially important  deposits  being  found.  By  implication,  further- 
more, the  relative  importance  of  stripping  in  the  coal  industry  of  the 
State  is  suggested. 

The  interest  of  the  public  in  the  quality  of  coal  purchased  has 
emphasized  the  importance  of  the  relative  heating  value  of  strip  coal 
and  deep  mine  coal.  For  several  reasons,  chief  of  which  were  the 
extreme  shallowness  of  coal  stripped  for  the  market  and  the  lack 
of  care  in  preparation  before  present  methods  were  in  use,  coal  ob- 
tained by  stripping  has  had  a  reputation  for  being  wet,  dirty,  "sooty", 
high  in  ash  content  and  low  in  heating  value.  With  the  development  of 
larger  stripping  machinery  and  improvements  in  methods  of  opera- 
tion, those  features  which  produced  a  prejudice  against  strip  coal 
have  been  largely  removed,  and  the  buying  public  is  finding  that  coal 
so  obtained  is  wholly  adequate  and  satisfactory. 

Early  Coal  Stripping  in  Illinois 

As  early  as  1866,  a  strip  mine  was  opened  on  Grape  Creek  in  Ver- 
milion County,  and  about  nine  years  later  another  pit  was  in  opera- 
tion in  the  Danville  bed  in  the  same  county.  In  the  meantime,  strip- 
ping of  the  Rock  Island  coal  was  carried  on  along  Rock  River  in  Henry 
County.     The  procedure  in  all   these  cases  was  very  simple  as  no 
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si)ecially  designed  machinery  was  used.  The  surface  covering  was 
loosened  with  a  plow  and  removed  with  a  scraper,  and  the  coal  was 
mined  entirely  by  hand. 

A  little  later,  operations  were  begun  in  the  Mission  field  in  the 
Danville  region.  Coal  was  uncovered  by  use  of  a  modified  dredge. 
but  it  was  not  until  about  1890  that  any  coal  was  mined  and  loaded 
mechanically.  Great  difficulty  was  encountered  in  handling  the  surface 
material  economically,  and  modification  of  the  early  types  of  machines 
appeared  in  rapid  succession.  After  many  failures  and  moderate  suc- 
cesses, the  essential  features  of  a  successful  operation  were  worked 
out,  and  since  then  the  development  has  been  one  mainly  of  dimension. 
Thinner  coal  beds  and  heavier  overburden  have  been  successively  un- 
dertaken, until  at  the  present  time  coals  are  being  stripped  at  a  profit 
which  a  few  years  ago  would  have  been  considered  unavailable  on 
any  system  of  mining. 

Present  Extent  of  Coal  Stripping  in  Illinois 

In  spite  of  the  large  number  of  attempts  at  strip  mining  that  have 
been  recorded  in  this  State,  at  no  time  have  there  been  many  opera- 
tions carried  on  simultaneously.  In  recent  years,  the  number  has 
somewhat  increased,  and  the  latest  report  of  the  Department  of  Mines 
and  Minerals*  lists  a  total  of  eighteen  pits. 

Table  1  shows  that  stripping  was  confined  to  six  counties : 
Fulton,  Jackson,  Perry,  Saline,  Vermilion,  and  Williamson.  The  total 
tonnage  so  mined,  1,503,541  tons,  was  only  217,373  tons  more  than 
was  produced  in  the  same  period  by  a  single  deep  mine  in  the  State. 
Stripping  is  as  yet  a  relatively  unimportant  factor  in  the  coal  industry 
of  the  State. 

The  restriction,  prior  to  1924,  of  these  operations  to  three  coal 
beds  in  as  many  counties  is  readily  understood,  when  it  is  remembered 
that  throughout  the  experimental  stage  it  was  necessar\'  that  the  trials 
be  made  where  conditions  were  fairly  well  known.  This  was  essen- 
tial not  only  from  the  standpoint  of  operation,  but  also  from  that  of 
marketing.  With  increased  stability  of  the  stripping  business  has  come 
a  demand  for  increased  opportunity  for  stripping,  which  means  the 
search  for  and  development  of  new  territory,  and  involves  new  coal 
beds  as  well  as  extended  markets. 

Acknowledgments 
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operators  of  strip  pits  all  over  the  State.  In  compiling  available  data, 
the  author  has  drawn  freely  upon  earlier  published  work,  and  has 
had  the  benefit  of  hearty,  cooperation  of  his  colleagues  on  the  Survey 
staff. whose  field  jjt'or^  has  involved  some  study  of  thCi  Penn&ylvanian 
beds.  The  autlior  migrate  fully  -acknowledges-  the -comment  -wef^k-  of  his 
assistant,  Paul  T.  Post,  in  gathering  information*  on  the  present 
operations. 

Table  1. — Illinois  strip  mines  producing  during  fiscal  year  1293-2J/ 


Company 


County 


1 

2 

3 

4 

5 

8 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


♦Tiger  Coal  Mining  Company 

♦United  Electric  Coal  Co.,  No.  9 

♦Buckheart  Coal  Company 

♦Black  Servant  Coal  Company 

Scott-Smith  Coal  Company 

♦♦Gayle  Coal  Company 

♦Harrisburg  Coal  Mining  Co 

Yankee  Branch  Coal  Company 

Chicago  Collieries  Company 

I.  and  I.  Coal  Company 

United  Electric  Coal  Co.,  No.  1 

United  Electric  Coal  Co.,  No.  4 

United  Electric  Coal  Co.,  No.  5 

♦Coal  Belt  Coal  Company 

Mammoth  Coal  Company 

♦Prosperity  Coal  Co.,  No.  1 

♦Prosperity  Coal  Co.,  No.  2 

♦Quaker  Mining  Company,  No.  1 

♦Quaker  Mining  Company,  Fuel  mine 
♦♦Pyramid  Coal  Company 


Fulton 

Fulton 

Fulton 

Jackson 

Perry 

Perry 

Saline 

Vermilion 

Vermilion 

Vermilion 

Vermilion 

j  Vermilion 

1  Vermilion. . . . 
I  Williamson. . . 
I  Williamson. . . 
j  Williamson. . . 
Williamson . . . 
Williamson. . . 
Williamson . . . 
Williamson . . . 


Total  strip  coal  production 


Production 

Tons 

3,525 

51,950 

5,276 

171,845 

112,100 


216,978 

38,045 

163,303 

3,800 

205,487 

130.297 

121,896 

15,366 

29,271 

3,698 

5,704 

105,000 

120.000 


1,503,541 


•Not  producing  prior  to  June  30,  1923. 
••  Not  producing  prior  to  June  30.  1924. 


IMPORTANT  FEATURES  OF  STRIP  COAL  LAND 

In  estimating  the  value  of  a  given  area  for  stripping  purposes, 
it  is  necessary  to  consider  several  factors  other  than  the  presence 
of  the  bed  of  coal.  The  more  important  of  these  features  are  noted 
below,  but  it  should  be  recognized  that  none  of  them  can  be  considered 
separately,  since  in  actual  operations  they  interact.  Thus,  exceptionally 
favorable  features  of  one  sort  offset  unfavorable  features  of  another, 
and   alter  the  otherwise   standard   specifications. 
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Thickness  and  Quality  of  the  Coal 

No  absolute  figure  for  a  minimum  thickness  of  the  coal  bed  which 
may  be  profitably  stripped  can  be  given,  since  the  quality  of  the  coal, 
the  imptnilies  ixi  the  bed,  a»d  the  amount  of  cover,  as  well  as  other 
fcatnres  are  important  factors.  A  commonly  accepted  miiumum  is 
48  inches  for  a  commercial  operation,  but  other  factors  may  consider- 
ably reduce  this  in  certain  cases.  It  should  not  be  assumed,  however, 
that  the  coal  will  necessarily  be  thicker  farther  under  cover  than  it 
appears  to  be  at  the  outcrop.  A  safe  rule  is  to  test  thoroughly  by 
drill,  auger  or  test  pit.  so  that  the  average  thickness  of  the  bed  will 
be  known.  As  to  quality,  no  definite  limits  can  be  set,  other  than 
the  demands  of  the  prospective  market.  The  cost  of  production  in 
a  given  instance  may  be  so  low  as  to  offset  the  inferior  rank  of  a 
given  coal,  and  thus  make  operation  commercially  practicable.  It  is 
best  to  ascertain  the  actual  quality  of  the  coal  by  standard  methods. 

Thickness  and  Character  of  Overburden 

The  mere  figure  of  thickness  of  overburden  is  not  adequate  for 
accurate  estimation  of  the  value  of  a  given  tract,  but  the  thickness 
should  nevertheless  be  carefully  measured.  For  any  given  field,  w-here 
quality  of  coal. and  market  conditions  are  established,  there  is  usually 
a  fairly  definite  ratio  of  thickness  of  coal  to  thickness  of  cover,  be- 
yond which  it  is  unsafe  to  Venture.  In  some  areas,  this  ratio  is  as  low 
as  1  to  3.  Elsewhere,  it  is  considered  practicable  to  attempt  1  to  12. 
It  is  clear  that  the  character  of  the  overburden  is  just  as  important 
as  the  thickness  and  that  the  matter  is  complicated  by  several  factors. 
Even  though  soft,  unconsolidated  material  is  mosf  easily  removed,  it 
frequently  happens  that  coal  of  better  grade  is  found  beneath  more 
resistant  strata,  the  difference  in  market  value  of  the  coal  more  than 
offsetting  the  increased  cost  of  stripping.  Again,  if  the  thickness 
of  cover  is  great,  the  loose  material  may  slump  from  the  spoil-bank 
and  have  to  be  rehandled  at  least  once,  thus  greatly  increasing  the  cost. 

In  early  stripping  operations,  it  was  considered  that  the  presence 
of  hard  beds  such  as  massive  sandy  shale,  black  "slate",  sandstone, 
and  limestone,  precluded  the  possibility  of  successful  stripping.  More 
recent  work  has  demonstrated  that  the  shale  and  "slate"  do  not  ser- 
iously interfere  with  operations,  and  in  places,  even  a  o-foot  bed 
of  massive  limestone  has  been  handled  satisfactorily  after  shooting. 
In  this  connection,  it  may  be  noted  that  the  presence  of  10  or  12  feet 
of  softer  material  beneath  a  hard  limestone  stratum  greatly  facilitates 
its  removal,  so  that  5  feet  of  limestone  at  a  sufficient  interval  above 
the  coal  is  easier  to  remove  than  2  feet  of  limestone  capping  the  coal 
bed. 
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In  Illinois,  the  large  and  increasing  demand  for  agricultural  lime- 
stone has  led  to  a  consideration  of  the  crushing  of  the  limestone  oc- 
curring over  coal  in  some  strip  pits.  In  most  instances,  the  limestone 
is  entirely  suitable  for  agricultural  purposes,  and  since  it  must  be 
handled  anyway,  the  operators  would  do  well  to  consider  seriously 
the  utilization  of  this  by-product  of  coal  stripping.  At  least  one  pit 
organization  has  arranged  to  market  the  stone  thus  obtained. 

Percentage  Recovered  by  Stripping 

Given  the  size  of  the  tract  from  which  cover  can  be  removed 
profitably  and  the  thickness  of  the  bed  of  coal,  the  calculation  of  the 
actual  amount  of  coal  in  the  tract  can  easily  be  made,  as  an  acre- 
foot  of  coal  in  the  ground  w^eighs  about  1,770  tons.  This  figure  does 
not,  however,  give  the  amount  of  coal  that  will  be  produced  in  the 
stripping  for  there  are  many  factors  to  interfere  with  complete  re- 
covery. A  loss  of  only  five  per  cent  is  obtainable  under  exceptionally 
favorable  conditions,  but  90  per  cent  recovery  is  a  safer  factor  for 
the  calculation  of  reserves. 

Transportation  and  Market 

For  a  stripping  operation  of  any  size,  the  market  situation  must 
be  fairly  well  canvassed  with  respect  to  a  reasonably  continuous 
demand  for  coal  of  the  rank  which  can  be  produced.  The  matter  of 
transportation  also  becomes  of  added  importance.  For  small  opera- 
tions, the  market  situation  can  be  estimated  readily,  since  the  pro- 
duction will  be  disposed  of  to  domestic  consumers.  Transportation  in 
such  instances  is  largely  outside  the  problem,  as  most  of  the  coal 
is  sold  at  the  tipple. 

For  moderate  operations,  team  or  truck  service  must  be  planned, 
with  highways  suited  to  such  heavy  traffic  in  any  weather.  For  larger 
operations,  proximity  to  an  established  public  carrier  is  import- 
ant. A  given  tract  might  be  commercially  valuable  if  close  to  a  freight 
line,  and  be  useless  ten  miles  away  because  of  the  increase  in  cost  of 
production  resulting  from  the  demand  for  greater  power,  larger  equip- 
ment, and  more  labor. 

POSSIBLE  STRIP  COAL  AREAS  IN  ILLINOIS 

General  Statement 

Because  so  large  a  part  of  the  enormous  coal  reserves  of  the  State 
are  readily  accessible  to  underground  mining,  it  might  be  expected  that 
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Strip  mining  would  be  practicable  in  most  of  the  counties  which  are 
underlain  by  workable  coal  beds.  On  the  contrary,  only  a  small  frac- 
tion of  the  total  coal  area  is  open  to  stripping,  and  this  part  does  not 
contain  its  proportionate  fraction  of  the  total  reserves,  because  of  the 
concentration  of  the  larger  reserves  in  the  deeper  parts  of  the  field. 

Geology  of  the  Illinois  Coal  Field 

general  structure  of  the  pennsylvanian  system 

The  great  mass  of  rocks  comprising  the  Pennsylvanian  system 
fills  a  very  broad  and  shallow  depression  south  of  the  latitude  of 
Rock  Island,  Rock  Island  County  (fig.  1).  Although  the  upper  sur- 
face of  the  Pennsylvanian  rocks  is  nearly  flat,  the  lower  surface 
slopes  from  the  margin  toward  the  deepest  part  of  the  basin.  This 
gives  a  plano-convex  lens  shape  to  the  system  as  a  whole,  with  the 
greatest  thickness  of  the  beds  where  the  basin  is  deepest.  This  deepest 
part  is  not  situated  in  the  center  of  the  field,  but  is  well  to  the  southeast 
in  Wayne  County,  making  the  basin  unsymmetrical.  Folding  may 
have  altered  the  angle  of  slope  in  some  places,  but  in  general,  the  beds 
show  the  low  inclination  acquired  during  the  period  of  deposition  and 
later  consolidation.  The  ultimate  effect  has  been  to  produce  belts 
parallel  to  the  margin  of  the  field  in  which  the  gently  inclined  beds 
of  coal  are  so  lightly  covered  as  to  be  available  for  stripping.  The 
outer  limit  of  these  belts  is  indicated  by  the  line  of  outcrop  of  the 
several  coal  beds  (fig.  ]).  The  width  of  the  belts  is  obviously  de- 
pendent upon  the  angle  of  slope  of  the  strata,  wider  where  the 
angle  is  low  and  narrower  where  it  is  high. 

VERTICAL  RANGE  OF  THE  COAL  BEDS 

Neither  the  uppermost  nor  the  lowermost  portions  of  the  Penn- 
sylvanian in  this  State  include  the  commercially  important  beds  of 
coal.  The  thicker  and  more  extensive  beds  are  restricted  to  a  500- 
foot  section  approximately  in  the  middle  of  the  Pennsylvanian  sys- 
tem. For  this  reason,  the  width  of  the  marginal  belts  mentioned  above 
is  greatly  restricted,  and  on  the  outer  side  of  the  belts,  as  well  as  on 
the  side  toward  the  interior  of  the  basin,  there  are  extensive  areas  in 
which  stripping  will  not  be  important  because  of  the  absence  of  suit- 
able coal  beds.  As  the  most  favorable  site  for  stripping  is  along  the 
outer  edge  of  beds  now  worked  by  underground  methods,  the  intro- 
duction of  open  pit  mining  does  not  necessarily  involve  the  utilization 
of  any  beds  not  now  exploited.  It  will,  however,  serve  to  increase 
the  total  production  of  coal  from  these  beds  by  extraction  from  the 
portions  which  are  too  shallow  for  deep  mining.     The  inner  limit  of 
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the  Stripping  belt  practically  coincides  with  the  outer  limit  of  deep 
mining.  In  a  general  way,  the  areas  available  for  strip  mining  will 
be  found  in  a  zone  marginal  to  the  present  producing  fields. 

COAL   BEDS  ABOVE  OR   BELOW    THE   MIDDLE   SECTION 

In  addition  to  the  main  producing  districts  of  the  State,  there 
are  numerous  small  areas  which  are  known  to  be  underlain  by  thin 
coal  at  shallow  depths.  Although  most  of  these  areas  are  small,  the 
total  acreage  involved  is  appreciable.  Occurrences  of  such  beds  in 
the  lower  part  of  the  Pennsylvanian  system  are  known,  for  example, 
in  Saline  County,  south  of  the  line  of  outcrop  of  the  Harrisburg  coal, 
the  main  producing  bed  of  the  district.  In  the  upper  part  of  the 
Pennsylvanian  also  are  several  thin  coals,  which  in  general  are  found 
in  the  interior  of  the  field,  as  in  Effingham  and  Crawford  counties. 

Where  known  to  lie  at  shallow  depths,  these  beds  are  mainly 
too  thin  to  be  valuable,  so  that  no  great  importance  may  be  attached 
to  them  on  the  basis  of  present  data.  As  most  coal  testing  has  been 
confined  to  the  immediate  vicinity  of  the  producing  mines,  it  appears 
probable  that  an  equal  amount  of  drilling  in  these  areas  of  shallow 
thin  coal  will  reveal  the  presence  of  thicker  portions  not  now  known. 

EROSION  ALONG  STREAM  VALLEYS 

Many  Illinois  streams  flow  through  wide  bottom  valleys,  some- 
what below  the  general  level  of  the  surrounding  region.  Where  such 
drainage  lines  cross  areas  underlain  by  workable  coals,  the  overbur- 
den has  been  removed  to  a  greater  or  less  extent.  The  maximum 
depth  of  excavation  is  more  than  100  feet  in  places,  but  along  most 
streams  it  is  less.  The  removal  of  even  20  feet  might  bring  a  deeply 
buried  coal  bed  within  the  range  of  stripping  operations.  Such  con- 
ditions are  known  in  the  vicinity  of  many  drift  and  slope  mines  in 
which  part  jof  the  workings  have  been  abandoned  on  account  of  poor 
roof  beneath  drainage  lines. 

Much  of  the  early  stripping  in  Illinois  was  done  in  areas  of  this 
type,  as  in  northern  Henry  County,  where  erosion  by  Rock  River  has 
reduced  the  very  thick  cover  to  less  than  10  feet,  so  that  the  Rock 
Island  coal  could  be  stripped  cheaply  by  team  and  hand  scraper.  In 
the  Carterville  field  of  Williamson  County,  and  particularly  in  the 
Danville  field  of  Vermilion  County,  operators  have  been  quick  to  take 
advantage  of  the  partial  elimination  of  overburden  in  stream  valleys. 
In  places  the  operations  have  been  continued  to  an  extent  that  de- 
manded a  shifting  of  positions  of  stream  channels.     No  careful  esti- 
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mate  has  been  made  of  the  acreage  which  has  been  added  in  this  way 
to  the  areas  available  for  stripping.  However  important  in  the  lo- 
cation of  a  single  strip  pit,  it  is  clear  that  this  factor  is  of  minor 
importance  in  affecting  the  production  of  the  field  as  a  whole. 

AREAS  OF  POCKET  COAL 

Outside  the  margin  of  the  extensive  swamp  areas  which  were 
the  site  of  deposition  of  the  more  widespread  coal  beds  of  the  Illinois 
basin,  there  appear  to  have  been  many  similar  but  smaller  depres- 
sions in  which  coal- forming  matter  accumulated.  This  marginal  de- 
position gave  rise  to  scores  of  disconnected  pockets  of  coal  of  variable 
thickness  and  shape.  Because  of  the  conditions  under  which  they 
were  laid  down,  these  beds  do  not  show  uniform  composition  but  are 
as  variable  in  their  content  of  impurities  as  in  their  shape.  The  pres- 
ent western  edge  of  the  Illinois  field  coincides  roughly  with  this  old 
marginal  zone,  and  hence  this  region  is  characterized  by  coals  that 
are  irregular  both  in  extent  and  composition.  It  is  to  be  expected, 
therefore,  that  in  much  of  the  large  area  in  which  coal  is  known  to 
be  present  at  shallow  depth,  it  will  be  found  to  be  too  thin  or  too  im- 
pure to  be  commercially  valuable. 

This  situation  is  especially  well  illustrated  in  that  part  of  the  coal 
basin  lying  west  of  the  Illinois,  but  it  may  also  be  found  to  obtain  in 
other  parts  of  the  State  as  well.  On  this  account  the  available  strip- 
ping area  may  be  reduced  by  an  unknown  but  appreciable  amount. 

GLACIAL  DRIFT 

The  deposits  of  sand,  gravel,  and  boulder  clay  which  mantle  prac- 
tically all  of  the  coal  field,  add  greatly  to  the  complexity  of  the  prob- 
lems of  open  pit  mining.  Perhaps  the  most  important  effect  is  in  the 
addition  to  the  amount  of  overburden,  making  unavailable  some  coal 
that  otherwise  could  be  stripped.  This  is  especially  true  throughout 
the  northern  part  of  the  field  where  the  thickness  of  the  surficial  ma- 
terial is  excessive,  in  some  places  reaching  a  maximum  of  200  feet. 
A  second  effect  is  the  concealment  of  bed  rock  relations,  necessitating 
extensive  drilling  to  ascertain  the  presence  or  absence  of  the  coal,  the 
total  overburden  and  the  amount  of  included  bed  rock. 

In  addition,  although  the  drift  materials  are  commonly  unconsoli- 
dated, and  hence  easily  removed,  their  occurrence  in  excessive  thick- 
nesses makes  them  difficult  to  handle  in  wet  weather  because  of  the 
tendency  to  slump  from  the  spoilbank  into  the  open  cut. 


1()  illinois  coal  stripping  possibilities 

Estimation  of  Available  Area  and  Tonnage 

In  a  consideration  of  the  areas  which  are  here  suggested  as  pos- 
sible strip  coal  lands,  it  should  be  remembered  that  the  data  on  which 
the  suggestions  are  based  are  very  incomplete.  No  special  field  w^ork 
has  been  done  on  which  an  estimate  of  the  availability  of  coal  land  for 
stripping  could  be  based,  and  it  has  therefore  been  necessary  to  make 
use  of  data  gathered  largely  as  an  incidental  phase  of  other  studies. 
These  include  topographic  maps,  records  of  outcrops,  well  logs,  mine 
workings,  and  similar  material,  from  which  both  thickness  of  any  given 
coal  and  its  depth  below  the  surface  may  be  calculated. 

On  figure  1  are  indicated  approximately  the  stripping  areas  in 
the  State,  to  show  the  relation  of  the  fields  to  each  other,  and  to  the 
rest  of  the  State.  Accompanying  the  detailed  discussion  of  each  county 
is  presented  a  larger  scale  map  showing  the  position  of  possible  strip 
lands  in  greater  detail.  It  is  clear  that  areas  mapped  as  possible  strip 
lands  are  those  which  available  data  indicate  as  worthy  of  test.  It 
is  to  be  expected  that  some  portions  of  these  areas  w^ill  be  found  to 
contain  coal  or  overburden  of  such  thickness  as  to  make  commercial 
operations  impracticable.  Additional  areas  not  now  known  will  pre- 
sumably be  found  as  the  search  for  strip  land  progresses.  The  bound- 
aries of  areas  indicated  are  necessarily  generalized  and  subject  to 
revision  as  more  accurate  data  become  available.  Similarly,  the 
thickness  of  coal  and  the  amount  of  overburden  are  calculated  from 
present  information,  and  are  subject  to  corrections  for  the  areas  less 
well  known.  Because  of  these  features,  the  estimation  of  tonnage 
available  by  stripping  as  presented  in  Table  2  is  necessarily  an  ap- 
proximation. The  figures  are  included  only  in  order  to  give  some 
idea  of  the  amount  of  coal  for  any  given  field.  It  should  be  noted  that 
this  calculation  is  based  on  a  recovery  of  100  per  cent  of  the  coal. 
as  the  variations  from  this  figure  due  to  local  geologic  conditions 
or  methods  of  mining  can  not  well  be  calculated  in  advance  of  actual 
operations. 

The  total  available  tonnage  of  strip  coal  in  Illinois  has  been  esti- 
mated to  be  1,407  million  tons  from  an  area  of  287  square  miles. 
It  has  also  been  estimated  that  197  square  miles  are  underlain  by 
strip  coal  48  or  more  inches  thick  and  can  supply  1,137  million  tons  of 
strip  coal.  Of  the  original  coal  resources  in  Illinois — 137,000  million 
tons,  1.02  per  cent  represents  the  estimated  stripping  resources. 

CHEiMICAL  COMPOSITION  OF  STRIP  COAL 

As  noted  earlier  in  this  report,  strip  coal  has  long  had  a  reputation 
for  its  high  content  of  impurities.     It  is  obvious  that  coal  exposed 
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to  weathering  agencies  deteriorates  both  in  composition  and  appearance. 
The  more  readily  volatilized  constituents  are  lost  to  the  air,  or  oxidized 
through  the  action  of  percolating  water;  the  pyrite  which  always  is 
present  in  coal  beds  is  decomposed  and  the  resulting  iron  oxide  is 
scattered  through  the  bed  as  a  rusty  stain  which  detracts  materially 
from  the  appearance  of  the  coal  and  which  can  not  be  removed  as  the 
unweathered  pyrite  could. 

Coal  overlain  by  a  thin  mantle  of  glacial  drift  is  likely  to  have 
the  character  of  weathered  coal.     The  earlier  stripping  done  in  this 

Table  2. — Estimate  of  stripping  resources  in  Illinois 


County 


Thickness 


Area 


Tonnage 


Adams 

Brown 

Pulton,  Springfield  (No.  5)  bed 
Fulton,  Colchester  (No.  2)  bed 

Gallatin 

Grundy  (including  Will) 

Hancock 

Jackson 

Knox 

Perry 

Randolph 

Richland 

Saline,  Herrin  (No.  6)  bed 

Saline,  Harrisburg  (No.  5)  bed 

Schuyler 

St.  Clair 

Vermilion,    Danville     (No.    7)i 

bed j 

Vermilion,  Grape  Creek  (No.  6)i 

bed ' 

Wabash | 

Warren I 

Williamson 

Total 


Inches 

30 
24 
48 
30 
72 
30 
30 
72 

72 
72 
24 
36 
60 
66 
60 

54 

72 
36 
30 
72 


8q.  mi. 

2 
3 
60 
5 
3 
9 
5 
8 
(No  estimate) 


Millions  of 

tons 

5 

6 

272 

14 

20 

25 

14 

54 


35 

23S 

19 

129 

4 

9 

2 

6 

6 

34 

12 

74 

30 

170 

10 

51 

4 

27 

40 

135 

20 

56 

10 

68 

287 

1407 

State  was  of  coal  in  just  this  situation,  so  that  the  marketed  product 
was  necessarily  of  lower  grade  than  that  from  the  more  deeply  buried 
portions  of  the  bed. 

Again,  both  upper  and  lower  surfaces  of  the  bed  of  coal  are 
likely  to  be  uneven.  Unless  the  stripping  and  loading  of  such  a  bed 
be  done  with  extreme  care,  a  considerable  admixture  of  shale,  bone 
coal,  and  floor  clay  will  probably  result.  Early  stripping,  done  with 
inadequate  equipment,  resulted  in  the  loading  of  much  incombustible 
material  with  the  coal. 
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A  thicker  cover  of  drift  means  greater  protection  from  weather- 
ing, resulting  in  a  higher  grade  of  coal.  A  hard,  relatively  imper- 
meable boulder  clay  is  obviously  a  better  cover  than  one  of  sand  and 
gravel  of  even  greater  thickness.  Where  the  overburden  includes 
bed  rock,  weathering  is  still  further  prevented.  A  stratum  of  well 
bedded  shale  beneath  a  limestone  of  moderate  thickness  makes  an 
especially  good  cover,  as  the  limestone  stratum  diverts  much  of  the 
ground  water  and  the  shale  transmits  but  little  of  the  rest  of  the  mois- 
ture to  the  coal. 

The  large  size  of  present  equipment  for  stripping  permits  the 
removal  of  a  much  thicker  overburden  than  was  formerly  possible, 
and  the  great  strength  of  the  machines  now  in  use  allows  the  hand- 
ling of  the  more  resistant  bed  rock.  Coal  of  excellent  quality  is 
therefore  uncovered  in  modern  pits.  With  greater  care  in  cleaning 
the  surface  of  the  strip  bed,  and  better  control  of  loading  shovels 
than  was  formerly  possible,  the  loaded  coal  may  be  as  clean  as  that 
from  deep  mines.  Impurities  that  are  present  in  all  coal  beds,  such 
as  lenses  or  balls  of  pyrite  and  bands  of  shale  or  bone  may  be  as 
completely  eliminated  on  the  picking  tables  of  a  strip  mine  as  those 
of  a  deep  mine.  From  the  geologic  point  of  view,  therefore,  strip 
coal  is  not  inherently  of  poorer  quality  than  deep  mine  coal. 

The  analyses  in  Table  3  which  represent  face  samples  of  coal, 
show  the  composition  of  coal  from  strip  mines  and  from  deep 
mines  working  the  same  bed.  In  order  to  conceal  the  identity  of 
analyses,  it  has  been  necessary  to  omit  the  designation  of  the  bed  or 
of  the  county  in  which  it  was  sampled.  Each  pair  of  analyses,  how- 
ever, is  of  the  same  bed,  the  deep  mine  sample  being  chosen  from  a 
location  as  near  as  possible  to  that  taken  from  the  strip  mine.  It  must 
be  remembered  that  the  samples  are  of  face  coal,  and  hence  not  ex- 
actly indicative  of  commercial  output.  Depending  on  methods  and 
care  in  mining,  the  loaded  coal  will  be  better  or  poorer  in  grade  than 
the  face  sample.  Even  casual  inspection  of  the  analyses  will  show 
that  the  coal  at  the  face  of  a  strip  pit  is  fairly  comparable  with  that 
at  the  face  in  a  deep  mine. 
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COUNTY  REPORTS 
Adams  County 

The  Adams  County  coal  beds  belong  to  that  part  of  the  Illinois 
field  which  has  been  cut  oflf  from  the  main  basin  by  Crooked  Creek 
and  Illinois  River  (fig.  1).  The  whole  series  is  relatively  thin  in  this 
area,  and  the  included  coals  are  of  comparatively  little  value. 

A  small  area  surrounding  the  southeast  corner  of  T.  2  N.,  R.  8  W. 
lying  northeast  of  the  village  of  Mendon  (fig.  2),  is  known  to  con- 
tain coal  which  might  be  stripped.     Elsewhere  in  this  county  con- 
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Fig.  2.    Index  map  of  Adams,  Brown  and  Hancock  counties. 


ditions  appear  to  be  unfavorable  for  commercial  stripping,  although 
there  are  small  patches  where  thin  coal  is  so  lightly  covered  that  small 
scale  stripping  may  be  possible. 

The  coal  northeast  of  Mendon  has  an  average  thickness  of  48 
inches,  but  it  is  nearly  GO  inches  at  its  maximum.  The  bed  is  dis- 
tinctly limited  in  extent,  however,  and  shows  the  high  content  of  im- 
purities common  to  marginal  deposits.  A  measured  section  shows  a 
2-inch  bone  band  8  inches  from  the  top  of  the  bed,  and  a  2-inch  band 
of  shale  28  inches  above  the  sandstone  floor. 

The  original  shale  roof  material  has  been  replaced  locally  by  gla- 
cial drift.     Over  the  small  area  observable,  the  cover  ranges  from  2 
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to  30  feet,  and  probably  contains  little  bed  rock.  In  sec.  36,  T.  2  N., 
R.  8  W.,  a  small  stripping  operation  was  producing  coal  in  1922,  but 
no  later  reports  are  available. 

Brown  County 

The  major  portion  of  the  large  area  of  Brown  County  north  and 
east  of  McGees  Creek  is  probably  underlain  by  the  Colchester  or  No.  2 
coal.  Most  of  this  region  is  so  heavily  covered  however,  that  it  is 
doubtful  if  any  commercial  strip  land  is  included.  In  two  places, 
one  northwest  of  Mt.  Sterling,  in  T.  1  N.,  R.  4  W.,  and  the  other  north 
of  Siloam  in  T.  2  S.,  R.  4  W.  (fig.  2)  local  stripping  has  been  at- 
tempted, and  these  points  are  noted  on  the  map  as  worthy  of  investi- 
gation. 

The  coal  in  either  place  is  about  2  feet  in  thickness,  varying  but 
little  over  wide  areas,  and  having  some  impurities  but  no  regular 
partings.  The  covering  is  less  than  20  feet  thick  locally,  but  it  is  not 
known  over  how  large  an  area  such  relations  obtain.  Where  thin,  the 
cover  is  largely  glacial  drift  and  the  coal  relatively  soft  and  weathered. 
The  thicker  cover  includes  varying  amounts  of  bed  rock  which  is  main- 
ly sandstone  and  shale,  but  which  in  places  includes  a  massive  lime- 
stone. In  the  character  of  cover,  this  field  resembles  Schuyler  County 
to  the  north. 

Over  a  small  area  just  north  of  Mt.  Sterling,  a  coal  stratigraphic- 
ally  above  the  Colchester  (No.  2),  locally  called  No.  5,  has  been  mined 
in  the  past.  It  is  near  the  surface,  the  cover  along  the  creeks  being 
thin  but  including  a  considerable  thickness  of  bed  rock,  in  part  lime- 
stone. In  outcrops,  this  coal  is  less  than  2  feet  thick  and  bony,  and 
is  not  listed  among  the  probable  coal  resources  of  the  county. 

Clay  County 
Described  on  page  57. 

Edwards  County 
Described  on  page  57. 

Effingham  County 
Described  on  page  57. 

Fulton  County 

Fulton  County  has  long  been  recognized  as  containing  within 
its  boundaries  some  very  desirable  stripping  areas,  but  it  is  only  within 
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the  last  few  years  that  development  on  a  commercial  scale  has  been 
attempted.  The  large  scale  operations  in  the  vicinity  of  Cuba  will  prob- 
ably be  followed  by  others.  The  Cuba  coal  appears  to  be  present 
throughout  a  considerable  area  under  approximately  the  same  con- 
ditions of  cover,  thickness  of  coal  and  relation  to  drainage.  Part  or 
all  of  each  of  the  following  townships  seem  to  merit  some  exploratory 
work : 

T.  5  X.,  Rs.  3  and  4  E.  T.  7  N..  R.  3  E. 

T.  6  N.,  Rs.  2,  3,  4,  and  5  E.  T.  8  N.,  R.  3  E. 

The  coal  is  the  Springfield  (No.  5)  bed,  which  has  long  been 
worked  underground  in  this  county,  and  even  more  extensively  in  the 
counties  east  and  south.  The  character  and  general  relations  of  the 
coal  are  already  well  known,*'  -  leaving  only  the  matter  of  thickness  of 
bed  and  thickness  and  character  of  overburden  to  be  determined  in 
exploratory  work. 

The  thickness  of  the  coal  is  remarkably  uniform,  ranging  from 
48  to  60  inches  wherever  measured.  The  characteristic  feature  of  this 
bed,  namely,  the  i)rescnce  of  clay-slips  or  "horsebacks"  is  of  import- 
ance in  any  projected  operation.  The  slips  range  from  a  few  inches 
to  several  feet  in  width,  and  are  very  irregular  in  distribution,  some 
areas  being  quite  free  from  them,  others,  having  as  many  as  twelve 
slips  in  a  distance  of  15  feet. 

The  overburden  is  extremely  variable  both  in  thickness  and  in 
character.  Throughout  the  areas  indicated  in  figure  3,  the  cover  is 
believed  to  be  less  than  65  feet,  which  may  be  the  limit  of  practicable 
operation  for  the  thickness  of  coal  uncovered.  The  size  of  tracts 
in  which  the  cover  is  of  uniform  thickness  depends  more  on  the  surface 
configuration  than  on  any  other  factor.  Where  undisturbed  by  erosion, 
the  common  sequence  of  strata  over  the  No.  5  coal  is  2  feet  of  black 
laminated  shale  composing  the  roof,  overlain  by  limestone  less  than 
1  foot  thick,  over  which  lies  shale  up  to  25  feet  in  thickness  with  a 
variable  amount  of  till  over  the  whole.  This  group  of  beds  is  com- 
mon in  the  eastern  part  of  the  county,  but  is  not  uniformly  present 
over  the  coal  farther  to  the  west  and  south  where  the  interval  between 
the  No.  5  and  No.  6  coals  is  locally  as  small  as  8  feet.  At  points 
where  the  interval  is  small,  the  shale  is  commonly  replaced  by  sand- 
stone. In  places,  the  sandstone  cuts  out  the  limestone  cap  of  the  No.  5 
coal.  In  this  connection,  it  is  of  importance  to  note  that  where  the 
sandstone  is  of  appreciable  thickness,  the  coal  bed  is  essentially  free 
from  clay-slips.     In  such  areas  the  prospective  operator  of  a  strip  pit 


•  Savage.    T.    K..    Geolopy    and    mineral    resources    of    the    Avon    and    Canton 
quadrangles:  111.  State  Geol.  Survey  Bull.   43,  p.  209.  1922. 

»Cady.  G.  H..  Coal  resources  of  LMstrict  IV:  111.  Mln.  Inv.  Bull.  26.  1921. 
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must  consider  the  removal  of  at  least  25  feet  of  hard  sandstone, 
in  order  to  reach  a  coal  that  will  show  few  interruptions  of  the 
"horseback"  type. 

The  Springfield  coal  has  been  stripped  in  a  small  way  for  many 
years  in  places  where  the  cover  is  unusually  thin.  Within  the  past 
three  years,  however,  extensive  drilling  in  the  Cuba  area  has  shown 
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refer  to  mines  listed  In  Table  1. 


the  feasibility  of  pits  on  commercial  scale,  and  two  such  pits  are 
being  operated  in  sees.  28  and  29,  T.  6  N.,  R.  3  E.  at  the  present  time. 
One  other  pit  in  T.  6  N.,  R.  4  E.  has  been  reported. 

At  the  time  of  visit  by  a  Survey  representative,  the  following  sec- 
tion of  coal  and  overburden  was  exposed  at  the  pit  in  sec.  28,  T.  6  N., 
R.  3  E.: 
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Section  exposed  at  pit  in  sec.  28,  T.  6  N..  R.  3  £ 


Thickness 


Soil  and  till,  with  boulders  up  to  IS  Inches  In  diameter;  becomes 

plastic  when  wet 26 

Shale,  light  gray,  not  well  bedded 4 

Limestone,    medium    gray,    argillaceous,    fossiliferous    (locally 

nearly  2  feet  thick) 8 

Shale,  very  tough,  dark,  slaty  at  base 2  9 

Coal  *  9 

Underclay,  light  gray,  without  grit 

The  stripping  is  done  by  three  electric  shovels,  two  with  90-foot 
booms  carrying  6-yard  dippers  and  one  with  an  80-foot  boom  carrying 
an  8-yard  dip]>er.  The  pit  equipment  is  well  shown  in  figure  i.  In 
operating,  the  stripping  shovel  makes  a  straight  cut,  the  loading  tracks 


FiQ.  1.    stripping  operation  in  the  Cuba  field. 

being  shifted  as  the  stripping  shovel  returns.  The  surficial  material 
not  removed  by  the  stripping  shovel  is  handled  by  a  shovel  gang  fol- 
lowed by  sweepers.  The  coal  is  shot  with  blasting  powder,  prepara- 
tory to  being  loaded  out  by  the  electric  shovels  having  a  dipper  ca- 
pacity of  one  and  three-fourths  yards.  Haulage  from  the  pit  is  ac- 
complished by  use  of  locomotives  pulling  trips  of  twelve  6-ton  cars,  A 
rotary  2-car  dump  operated  by  compressed  air  tnrns  the  loads  on  to  a 
steel  conveyor  which  takes  the  coal  to  the  tipple  for  cleaning  and  siz- 
ing.   Four  loading  booms  handle  the  coal  from  tipple  to  railway  cars. 

In  addition  to  the  areas  above  noted  in  which  the  Springfield 
(No.  5)  coal  lies  at  shallow  depth,  there  probably  are  small  fields  in 
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the  western  part  of  the  county  in  which  the  Colchester  (No.  2)  coal  is 
near  enough  to  the  surface  to  be  stripped.  One  of  these  tracts  is  in  the 
northwest  quarter  of  T.  7  N.,  R.  1  E.,  south  of  Avon  (fig.  3.) 

In  this  field,  the  Colchester  coal  has  an  average  thickness  of  30 
inches,  varying  but  little  from  that  amount  over  considerable  areas. 
This  bed  is  regularly  without  partings,  and  contains  only  a  small 
amount  of  impurities.  Its  thinness  obviously  prevents  its  being  con- 
sidered where  the  overburden  averages  more  than  30  feet  in  thickness, 
and  it  is  probably  of  only  local  interest  as  a  stripping  coal. 

The  overburden  is  largely  shale,  which  in  places  includes  some 
thin  black  "slate"  and  nodular  limestone.  It  seems  probable  that  in 
part  or  all  of  sees.  3,  4,  5,  6,  7,  8,  17  and  18,  T.  7  N.,  R.  1  E.,  the 
overburden  does  not  exceed  60  feet,  and  that  limited  tracts  of  lesser 
cover  will  be  found.  Extensive  drilling  will  be  necessary  to  prove 
the  presence  of  the  coal  in  parts  of  this  tract. 

A  similar  area,  somewhat  larger,  has  been  reported  is  Tps.  3  and 
4  N.,  R.  1  E.,  but  recent  geologic  work  in  this  field  indicates  that 
the  Colchester  coal  is  here  too  deeply  buried  to  be  available  for 
shovels. 

Gallatin  County 

So  little  is  known  of  the  coal  geology  of  Gallatin  County  that 
it  is  not  possible  to  define  the  stripping  areas  adequately.  As  noted 
in  the  discussion  of  strip  land  in  Saline  County  (p.  40),  there  is  an 
extension  of  the  geologic  conditions  found  in  eastern  Saline  into 
western  Gallatin  (fig.  20).  The  outcrop  lines  of  both  the  Harrisburg 
(No.  5)  and  Herrin  (No.  6)  coals  pass  through  T.  9  S.,  R.  8  E.,  but 
their  trend  beneath  the  lowland  to  the  east  and  north  is  not  known. 

In  this  area  the  Herrin  coal  is  from  36  to  68  inches  thick,  as  shown 
in  drill  records,  and  exhibits  the  usual  parting  of  shale  near  the  bottom 
of  the  bed.  For  detailed  description  of  this  coal,  the  reader  is  referred 
to  the  report  on  Williamson  County. 

The  overburden  is  heavy,  except  just  at  the  outcrop,  so  that  only 
a  narrow  belt  can  be  included  in  the  stripping  field.  Immediately  over 
the  coal  is  thin  black  shale,  locally  slaty,  and  over  this  a  limestone  cap 
rock  which  may  be  as  much  as  5  feet  thick  and  which  is  in  places  sep- 
arated from  the  black  shale  by  several  feet  of  gray  shale. 

The  Harrisburg  coal  in  Gallatin  County  has  essentially  the  same 
character  as  noted  in  the  Saline  County  report.  Partings  of  pyrite  may 
be  slightly  more  common  in  this  field,  and  the  coal  on  the  whole  less 
thick. 

The  chief  difference  in  the  overburden  above  the  Harrisburg  coal 
in  Saline  and  Gallatin  counties  is  in  the  absence  of  the  limestone  in  the 
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latter.  This  leaves  only  the  gray  and  black  shale  with  an  overlying 
sandstone  in  places  in  the  bed  rock  portions  of  the  overburden.  Surficial 
clays,  here  as  elsewhere,  cover  the  bed  rock. 

In  the  area  tentatively  mapped  as  worth  testing  for  stripping  |X)s- 
sibilities.  the  total  overburden  is  thought  to  be  under  60  feet.  It  is 
probable  that  along  stream  lines,  erosion  has  reduced  this  to  a  smaller 
figure  and  that  fair  sized  tracts  will  be  found  to  be  available  for  strip- 
ping the  Harrisburg  coal. 
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Fig.  5.    Index  map  of  Grundy  and  southwestern  Will  counties. 


Grundy  and  Will  Counties 

Although  more  than  the  southern  half  of  Grundy  County  is  under- 
lain by  workable  coal,  it  is  only  along  the  north  margin  of  the  field 
that  the  cover  is  so  slight  that  stripping  appears  practicable  (fig.  5). 
In  the  south  central  part  of  T.  34  N.,  R.  7  E.,  available  records  show 
2  to  3  feet  of  coal  at  less  than  60  feet  below  the  surface.  Early  mining 
in  this  area  has  probably  rendered  at  least  half  of  this  coal  unminable, 
and  records  do  not  show  precisely  what  parts  have  been  mined  out.  It 
appears  probable  that  west  of  the  area  mapped  for  investigation  north 
of  Morris,  the  coal  is  too  deeply  buried  for  stripping.  Even  along  the 
boundary  of  the  coal  to  the  northwest,  the  heavier  morainic  covering 
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prevents  stripping.  On  the  south  side  of  the  Kankakee  in  T.  33  N.,  Rs. 
8  and  9  E.,  there  is  another  tract  of  about  21/^  square  miles  mostly 
in  Grundy  County,  but  extending  across  the  line  into  western  Will 
County  in  which  similar  conditions  obtain. 

In  both  areas,  the  available  coal  is  the  La  Salle  Third  Vein  or 
Morris  coal,  correlated  as  No.  2  of  the  Illinois  series.  This  ranges 
from  30  to  42  inches  in  thickness,  and  is  exceptionally  uniform  for 
considerable  distances.  The  thin  cover  over  the  coal  in  the  south 
tract  has  resulted  from  erosion  by  glacial  waters  passing  down  Kan- 
kakee Valley.  Because  of  this  fact,  it  is  to  be  expected  that  locally  the 
coal,  as  well  as  the  heavier  overburden,  has  been  removed,  a  feature 
which  should  be  given  consideration  in  future  prospecting.  The  coal 
is  of  good  quality,  generally  free  from  bedded  impurities  and  without 
prominent  interruptions,  with  the  possible  exception  above  noted. 

The  overburden,  as  shown  by  logs,  consists  of  the  roof  shale, 
a  somewhat  massive  gray,  slightly  sandy  bed,  and  the  usual  boulder 
till.  The  latter  has  been  removed  over  much  of  the  area  north  of 
Coal  City  and  Braidwood  and  replaced  by  unconsolidated  silts  and  sands 
of  the  glacial  streams.  In  places,  heavy  gravels  may  be  encountered. 
The  cover  is  probably  less  than  50  feet  thick  in  general,  and  some 
fairly  large  tracts  will  probably  be  found  in  which  the  cover  is  less 
than  30  feet. 

Hancock  County 

Although  patches  of  Pennsylvanian  beds  are  found  in  many  parts 
of  Hancock  County,  the  only  area  in  which  stripping  possibilities  ap- 
pear to  warrant  testing  lies  south  of  Augusta  in  T.  3  N.,  R.  5  W.  (fig. 
2,  p.  20). 

In  this  area  the  Colchester  (No.  2)  coal,  with  an  average  thick- 
ness of  30  inches,  has  been  worked  both  north  and  south  of  William 
Creek.  The  bed  has  no  persistent  parting,  although  the  upper  part 
is  commonly  harder  and  brighter  than  the  lower.  Over  part  of  the 
field,  a  slightly  thinner  coal,  known  as  "the  cannel*',  underlies  the 
Colchester  at  a  distance  varying  from  2  to  8  feet.  It  is  probable 
that  any  stripping  operation  opened  in  the  Colchester  coal  could  in 
places  be  profitably  carried  down  to  the  next  lower  coal. 

The  overburden  ranges  from  less  than  10  feet  to  100  feet  or 
more  in  thickness.  The  uneven  surface  of  the  coal  itself  results 
in  a  cover  of  uneven  thickness,  which  prevents  accurate  estima- 
tion of  thickness  in  advance  of  testing.  Where  thin,  the  overburden 
is  largely  glacial  drift,  but  where  it  is  more  than  15  feet,  it  normally 
includes  some  bed  rock.    Shale  and  sandstone  in  considerable  thickness 
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are  reported  in  drill  logs,  and  a  9-foot  limestone  appears  in  some  rec- 
ords. On  account  of  the  thinness  of  the  coal,  it  is  probable  that  not 
more  than  25  feet  of  cover  could  be  handled  profitably. 

No  stripping  has  as  yet  been  reported  from  the  Augusta  field, 
although  the  coal  has  been  worked  from  several  openings,  both  shaft 
and  drift. 
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Fio.  6.    Index  map  of  Perry  and  Jackson  counties.     Figures 
accompanying  strip  pit  symbols  refer  to  mines 

listed  In  Table  1. 

Near  Nauvoo  at  the  western  edge  of  the  county,  a  thin  coal 
was  stripped  by  the  Mormons  at  an  early  date,  but  this  bed  appears 
to  be  of  so  little  value  that  it  is  not  included  in  the  present  estimate 
of  stripping  resources. 

Jackson  County 

The  only  field  in  Jackson  County  in  which  stripping  is  known 
to  be  a  possibility,  is  in  the  vicinity  of  Elkville  in  T.  7  S.,  Rs.  1  and 
2  W.  (fig.  6).     Beds  in  this  field  constitute  an  extension  of  the  strip 
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lands  of  southeastern  Perry  County.  A  heavy  cover  of  glacial  drift 
prevents  determination  of  the  position  of  the  outcrop,  and  hence  the 
exact  area  of  strip  land  can  not  be  described.  Because  of  the  eastern 
dip  of  the  coal  on  the  east  side  of  the  Duquoin  fold,  the  stripping 
area  is  limited  in  that  direction.  To  the  north  and  west,  and  possibly 
to  the  south,  even  beyond  the  mapped  boundary  for  the  coal,  are  lands 
well  worth  testing  for  shallow  coal. 

The  coal  in  this  field  is  the  Herrin  (No.  6)  bed,  which  has 
been  mined  by  underground  methods  throughout  the  area  to  the 
north  and  east.  In  this  region  it  appears  to  maintain  a  thickness 
of  about  84  inches,  but  this  may  be  reduced  nearer  the  outcrop.  As 
elsewhere  in  southern  Illinois,  this  bed  carries  the  "blue  band",  a 
persistent  shale  parting,  below  the  middle  of  the  bed.  Other  partings 
of  shale  or  pyrite  are  noted  locally,  but  none  are  as  widespread 
as  the  "blue  band". 

The  coal  is  immediately  overlain  by  shale,  locally  black  and  slaty, 
elsewhere  gray  and  more  massive.  Above  this  appears  the  usual  cap 
limestone,  in  places  more  than  5  feet  thick,  but  not  uniformly  pres- 
ent. This  in  turn  is  overlain  by  more  shale  and  glacial  materials  of 
varying  thickness.  Figure  7  shows  the  character  of  the  overburden, 
the  steep  walls  of  uncut  surficial  material  are  seen  at  the  right,  the 
spoil  bank  showing  the  blocks  of  underlying  limestone  at  the  left.  In 
places  the  coal  apparently  has  an  overburden  less  than  25  feet  thick, 
but  some  records  indicate  a  thickness  of  more  than  60  feet.  The 
prospector  must  consider  the  probability  that  the  surface  of  the  coal 
is  uneven,  so  that,  although  the  land  surface  is  flat  over  the  area  indi- 
cated on  the  map,  the  variation  in  thickness  of  cover  due  to  that  feature 
alone  may  be  more  than  10  feet. 

Up  to  the  last  few  years,  commercial  stripping  had  not  been  at- 
tempted in  this  field,  on  account  of  the  cap  limestone  which  had 
been  considered  an  insurmountable  difficulty.  In  the  pit  which  is  now 
operating  about  a  mile  and  a  half  west  of  Elkville,  this  difficulty  seems 
to  have  been  satisfactorily  overcome,  by  use  of  extra  large  and  sturdy 
equipment.  Here,  the  stripping  shovels  are  two  in  number,  both 
electrically  operated  and  handling  8-yard  dippers.  The  coal  is  hauled 
from  the  pit  over  a  36-inch  gage  track  by  steam  locomotives,  dumped 
through  a  hopper  (fig.  8)  to  an  endless  conveyor  which  carries  it 
to  the  shaker  screens  where  standard  Illinois  sizes  are  prepared. 
Picking  tipples  and  loading  booms  are  installed  to  permit  the  loading  of 
clean  and  properly  sized  coal.  The  tipple  is  planned  for  a  capacity  of 
over  2500  tons  per  day. 

In  the  southeastern  part  of  T.  7  S.,  R.  3  W.  near  Oraville  is  a 
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tract  of  small  size  that  may  repay  investigation  for  stripping.  The 
coal  in  this  field  appears  to  lie  too  low  to  be  at  the  horizon  of  the  Her- 
rin  (No.  6)  bed,  and  too  high  for  that  of  the  Murphysboro  (No.  2) 
bed.  It  may  be  a  local  development  of  the  No.  5  coal,  such  as  occurs 
south  of  the  Sparta  field  in  Randolph  County.  The  coal  has  been  mined 
by  drift  and  shallow  shafts  for  many  years,  but  it  is  possible  that 
testing  will  show  some  valuable  tracts.  The  bed  ranges  from  72  to 
90  inches  in  thickness,  and  appears  to  be  of  excellent  quality,  although 
no  analyses  of  standard  type  are  available.  Little  is  known  of  the 
character  of  the  overburden,  but  it  appears  to  include  some  sand- 
stone, although  it  may  be  mainly  shale.  The  known  thickness  of  cover 
is  less  than  60  feet  in  places,  but  since  so  little  is  known  of  the 
lay  of  the  bed,  it  is  impossible  to  gage  the  size  or  value  of  the  tract. 
This  bed  is  not  included  in  the  estimate  for  the  county. 

Jefferson  County 
Described  on  page  57. 

Johnson  County 
Described  on  page  58. 

Knox  County 

In  spite  of  the  fact  that  four  different  seams  of  coal  have  been 
worked  by  underground  methods  in  Knox  County,  it  is,  not  evident 
from  available  data  that  there  are  any  considerable  areas  of  strip 
coal  within  its  limits.  Two  regions  might  be  mentioned  as  being 
perhaps  worthy  of  some  exploratory  work  (fig.  9). 

The  first  of  these  lies  along  the  outcrop  of  the  Herrin  (No.  6)  coal, 
in  the  vicinity  of  Oneida  and  Wataga.  The  overburden  may  be  light 
enough,  especially  along  drainage  lines,  to  permit  shovel  work  in  un- 
covering the  coal,  which  ranges  from  30  to  60  inches  in  thickness. 
The  immediate  roof  is  shale  overlain  by  massive  limestone  3  to  4 
feet  in  thickness.  To  the  southeast  near  Dahinda,  T.  11  N.,  R.  3  E., 
one  drill  record  reports  a  33-inch  coal  at  a  depth  of  only  30  feet. 
It  is  improbable  that  so  little  cover  is  found  over  any  extensive  tracts 
in  this  part  of  the  county. 

The  other  possibly  favorable  area  is  in  the  southwest  part  of  the 
county  between  Knoxville  and  St.  Augustine,  underlain  by  the  Col- 
chester (No.  2)  coal  and  locally  by  the  Rock  Island  (No.  1)  coal. 
Along  stream  flats  and  to  some  extent  in  the  upland  areas,  coal  24  to 
30  inches  thick  may  be  present  at  depths  less  than  40  feet.  So  few 
records  of  drilling  are  available,  however,  that  it  is  not  possible  to 
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say  to  what  extent  the  coal  is  present.    No  estimate  of  tonnage  avail- 
able for  Stripping  in  Knox  County  has  been  made. 


Marion   County 


Described  on  page  57. 


Perry  County 


Including  within  its  boundaries  somewhat  more  than   30  miles 
of  the  line  of  outcrop  of  the  Herrin  (No.  6)  coal,  Perry  County  ap- 
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Fia.  9.    Index  map  of  Warren  and  Knox  counties. 

pears  to  hold  some  of  the  most  promising  areas  for  stripping  in  the 
State  (fig.  6).  Although  not  determined  with  great  accuracy,  the 
boundary  of  this  important  bed  is  mapped  to  lie  within  the  follow- 
ing townships :  T.  5  S.,  Rs.  1,  2,  and  3  W. ;  T.  6  S.,  Rs.  1,  2,  3,  and  4  W. 
The  rather  extensive  field  for  exploration  results  from  the  presence  of 
the  Duquoin  fold,  which  trends  approximately  north  and  south 
through  the  eastern  part  of  the  county  near  Duquoin,  and  brings 
the  Herrin  coal  near  the  surface  all  along  the  crest.  The  effect  of  this 
structure  is  better  understood  when  it  is  realized  that  the  coal  which 
practically  outcrops  at  Duquoin  lies  400  feet  beneath  the  surface  three 
miles  to  the  east. 
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Throughout  most  of  the  outcrop  area  in  this  county,  the  Herrin 
coal  is  about  72  inches  thick,  slightly  thinner  on  the  crest  of  the 
Duquoin  fold,  and  reaching  a  maximum  of  96  inches  down  the  dip 
to  the  east.  Drilling  has  shown  the  presence  of  some  erosion  channels 
in  the  Pennsylvanian  beds  and  in  places  the  coal  itself  is  cut  out.  In 
general,  however,  the  presence  of  the  coal  in  its  regular  thickness  can 
be  counted  on  for  mining.  The  coal  in  the  western  part  of  the  county 
differs  from  that  on  the  east  side  of  the  Duquoin  fold,  where  it  is 
thicker  and  contains  less  dirt  and  a  smaller  percentage  of  sulphur. 
The  shale  band  known  as  the  "blue  band"  is  everywhere  present ; 


Courtesy  of  Gayle  Coal  Company, 
Flo.  10.    Stripping  pqulpment  at  Duquoin  pit. 

partings  of  charcoal  and  pyrite  are  not  rare,  although  none  of  them 
are  especially  persistent.  The  bed  commonly  shows  the  division  into 
three  benches,  of  which  the  top  bench  is  commonly  the  best  coal, 
the  middle  being  softer,  and  the  bottom  containing  more  impurities. 
The  overburden  is  fairly  uniform  where  traced  along  the  out- 
crop, and  shows  ihe  expected  variations  in  thickness  and  character 
back  of  the  outcrop.  Thus,  at  the  edge  the  cover  is  the  shale  and 
limestone  roof  with  glacial  materials  above,  and  farther  back  the 
amount  of  bed  rock  increases  as  the  coal  dips  northward  beneath  the 
surface.     Throughout  the  area  mapped  for  exploration,  the  cover  is 
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probably  less  than  60  feet  thick.  Because  of  the  small  amount  of 
information  available,  it  is  probable  that  local  variations  from  this 
maximum  will  be  found.  It  is  not  unlikely  that  considerable  areas 
of  relatively  thin  cover  may  be  proved  up. 

Immediately  over  the  coal  is  shale,  commonly  black  and  sheeted, 
but  in  places  gray  and  slightly  sandy.  This  averages  about  3  feet 
thick,  but  is  reported  to  reach  a  thickness  of  23  feet  in  places.  Over 
the  shale  is  the  cap  limestone  2  to  5  feet  thick  overlain  by  shale  and 
thin  limestone  beds.  Figure  10  shows  the  character  of  the  overbur- 
den where  it  includes  about  equal  amounts  of  loose  and  bed  rock 
material. 

Two  commercial  pits  are  now  being  operated  in  Perry  County. 
These  are  both  on  the  crest  of  the  fold,  and  hence  show  essentially 
identical  conditions  and  character  of  coal.  At  the  north  pit  the  strip- 
ping is  done  with  an  electric  shovel  having  a  61^-yard  dipper  on  an 
86-foot  boom.  The  stripping  shovel  makes  north-south  cuts,  working 
eastward  across  the  property.  A  bulldozer  followed  by  shoveling  and 
sweeping  gangs  finishes  the  cleaning  of  the  surface  of  the  coal,  which 
is  then  shot  with  a  "strip  special"  powder.  A  2-yard  electric  shovel 
(fig.  11)  loads  the  coal  into  railway  cars  in  the  pit,  which  are  hauled 
to  the  sidings  to  await  shipment.  As  the  coal  is  used  as  railroad  fuel, 
it  is  sent  out  as  mine  run  without  screening.  Where  measured,  the 
overburden  included  9  feet  of  till  underlain  by  1  foot  of  shaly  sand- 
stone, 2  feet  of  black  shale  and  8  feet  of  very  argillaceous  sandstone, 
practically  shale.  On  the  east  side  of  the  property  boulders  of 
limestone  were  encountered,  which  represented  the  usual  cap  of  the 
Herrin  bed.  These  are  reported  to  have  come  in  above  the  upper 
sandstone. 

The  top  coal  had  been  removed  and  the  base  was  not  exposed  in 
the  following  measured  section: 

Thickness 
Inches 

Coal,  practically  all  bright,  some  calcite  facings 8  6/8 

Fyrite  lens  8  inches  long 7/8 

Coal,  alternately  dull  and  bright 27 

Pyrite  lens  5  inches  long 6/8 

Coal  3 

Charcoal  parting 3/8 

Coal,  with  small  pyrite  balls  and  lenses 30 


Total   70  3/4 

Pope  County 
Described  on  page  58. 
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Randolph  County 

Conditions  in  Randolph  County  are  practically  identical  with 
those  of  St.  Clair  County  to  the  northwest.  The  heavy  overburden  of 
glacial  deposits  prevents  precise  delineation  of  the  line  of  outcrop  of 
the  Belleville  (No.  6)  coal,  and  the  eastward  dip  of  the  Pennsylvanian 
strata  carries  the  coal  within  short  distances  from  the  outcrop  beneath 
too  heavy  an  overburden  of  bed  rock  for  stripping  (fig.  12).  From 
available  data,  however,  the  following  townships  appear  to  be  under- 
lain by  coal  at  shallow  depths : 

T.  4  S.,  R.  6  W. 

T.  5  S.,  R.  6  W. 

Twps.  5  and  6  S.,  R.  5  W. 

R.8W.  R.7W.  R.6W.  R  6W 


Boundary  of  Pennsyl- 
vanian strata. 

Boundary  of  Belleville 
(No.  6)  coal. 

Area  of  Belleville  (No, 
6)  coal  worthy  of 
investigation. 


Fio.  12.  Index  map  of  Randolph  County. 


Some  testing  has  been  done  in  T.  5  S.,  R.  6  W.,  but  no  commer- 
cial opening  has  been  reported. 

The  Belleville  coal  in  this  field  is  approximately  72  inches  thick. 
The  "blue  band"  or  shale  parting  in  the  bottom  third  of  the  bed  is 
everywhere  present  and  the  coal  shows  the  same  quality  that  marks  it 
in  the  Belleville  district. 
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The  overburden  is  similar  to  that  in  St.  Clair  County.  Below 
surficial  materials  of  variable  thickness  the  bed  rock  cover  includes  the 
roof  shale,  having  a  maximum  thickness  of  about  5  feet,  the  cap  lime- 
stone, about  3  feet  thick  near  the  outcrop  but  thicker  a  short  distance 
eastward,  and  overlying  shale  up  to  more  than  40  feet.  Locally  a 
second  limestone  several  feet  thick  overlies  the  thick  shale  bed,  and  the 
top  of  the  section  toward  the  west  includes  a  sandstone  in  places.  In 
prospecting,  it  must  be  recognized  that  the  conditions  of  deposition  fol- 
lowing the  period  of  coal  formation  were  variable  in  short  distances,  so 
that  uniformity  of  overburden  is  not  to  be  expected  and  relatively  close 
spacing  of  tests  will  be  necessary  to  show  the  actual  conditions. 
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Fig.  13.    Index  map  of  Richland  County. 


Richland  County 

Little  testing  has  been  reported  from  Richland  County,  and  the 
general  relations  of  the  coal  underlying  the  surface  is  not  known  in  any 
detail.  Sufficient  work  has  been  done  to  show  that  in  some  parts  of  the 
county,  notably  near  the  boundary  between  Tps.  2  and  3  N.,  R.  14  W., 
a  thin  coal  lies  at  workable  depths  (fig.  13). 

Lack  of  detailed  data  prevents  the  correlation  of  this  coal  with 
others  in  the  general  Illinois  section,  but  the  available  evidence  indicates 
that  the  coal  in  this  field  is  rather  high  in  the  section,  that  is,  above 
the  Herrin  (No.  6)  bed  rather  than  below  it. 
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In  sections  measured,  the  coal  ranged  from  22  to  26  inches  in 
thickness.  It  is  not  clear  that  the  coal  at  any  point  will  greatly  exceed 
36  inches.  The  bed  is  relatively  clean,  and  shows  well  developed  cleat, 
so  that  it  breaks  into  rectangular  blocks  which  are  readily  handled  with- 
out much  breakage.  Little  pyrrte  appears  in  the  bed  itself,  although 
the  contact  at  the  top  is  generally  marked  by  a  zone  of  mixed  shale 
and  pyrite  from  one  to  two  inches  thick.  In  places  the  top  2  inches  is 
bony.  Another  shaly  zone  comes  in  locally  about  6  inches  from  the 
bottom.  The  bedded  impurities  loosen  readily  from  the  coal,  and  in 
general  cause  little  trouble. 

The  roof  materials  vary  in  different  parts  of  the  field.  The  im- 
mediate cover  of  the  coal  is  uniformly  shale,  although  it  ranges  in  thick- 
ness from  less  than  1  inch  to  several  feet.  Where  thin,  it  is  little  more 
than  clay,  but  in  the  thicker  portions  it  is  massive  and  locally  so  gritty 
that  it  might  properly  be  classed  as  sandstone.  It  should  not,  however. 
give  any  serious  trouble  in  removal.  In  the  upland  areas,  the  thicker 
cover  appears  to  include  a  limestone  bed  immediately  over  the  thin  clay 
above  the  coal.  This  limestone  is  as  variable  in  thickness  as  it  is  in 
occurrence,  appearing  as  a  row  of  concretionary  boulders  in  some 
places,  elsewhere  as  a  massive  bed  nearly  4  feet  thick.  It  is  medium  to 
dark  gray  in  color,  finely  crystalline,  and  contains  abundant  fossils. 
In  the  limited  area  mapped  as  probable  strip  land  in  Richland  County, 
the  cover  is  probably  not  greater  than  35  feet  in  thickness.  Too  little 
is  known  at  present  of  the  extent  of  and  the  depth  to  the  coal  to  indi- 
cate even  tentatively  any  extensions  of  the  area  mapped.  On  the  other 
hand,  the  topography  of  the  adjacent  region,  especially  to  the  east  and 
west,  is  such  that  if  the  coal  maintains  an  essentially  horizontal  attitude 
it  may  be  workable  by  stripping  methods  at  least  as  far  east  as  the 
Lawrence  County  line,  and  perhaps  as  far  west  as  Clay  County. 

Within  the  past  two  years  a  local  pit  has  been  operated  just  east 
of  Calhoun.  No  attempt  at  extensive  production  is  being  made, 
although  the  local  needs  of  the  county  are  well  met.  The  cover 
is  removed  by  a  steam  shovel  operating  a  4-yard  dipper  on  a  70- foot 
boom.  Straight  north-south  cuts  are  planned  for  the  shovel,  the  over- 
burden being  placed  in  the  cuts  from  which  the  coal  has  been  removed. 
The  coal  is  wedged  and  loaded  by  hand,  and  the  impurities  are  picked 
out  as  the  loading  proceeds.  By  this  method,  the  product  is  largely 
lump,  and  but  little  loss  through  slack  is  sustained. 

Saline  County 

Conditions  in  regard  to  strip  mining  are  much  the  same  in  Saline 
County  as  in  Williamson  County  to  the  west.    One  important  point  of 
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difference  should  be  emphasized.  The  Herrin  (No.  6)  coal  is  of  little 
consequence  in  Saline  County,  as  it  is  generally  too  thin  to  be  valuable, 
while  the  Harrisburg  (No.  6)  coal  is  thicker  and  of  better  quality. 

The  surface  cover  prevents  accurate  determination  of  the  line  of 
outcrop  of  either  bed,  and  hence  the  lines  mapped  are  subject  to  later 
correction.  As  mapped,  the  outcrop  line  of  the  Herrin  coal  may  be  fol- 
lowed across  the  county  in  an  east-west  line  near  the  middle  of  T.  9  S., 
Rs.  5,  6,  and  7  E.  (fig.  20),  and  that  of  the  Harrisburg  coal  lying  about 
125  feet  lower  crosses  the  county  similarly  but  nearer  to  the  boundary 
between  9  and  10  S.  Because  of  the  rather  sharp  dip  and  the  conse- 
quent increase  in  thickness  of  cover  toward  the  north,  the  belt  in  which 
the  Harrisburg  (No.  5)  coal  can  be  profitably  stripped  appears  to  be 
narrow,  but  drilling  may  show  it  to  be  considerably  wider  than  indi- 
cated on  the  map  (fig.  20).  It  is  obvious  that  the  limit  of  stripping 
coal  is  closely  related  to  the  rather  rough  topography  of  the  area,  which, 
if  the  variable  dip  of  the  coal  bed  is  considered,  may  cause  either  en- 
largement or  reduction  of  the  stripping  field. 

The  Harrisburg  coal  is  commonly  described  as  bright  and  hard. 
Very  thin  bands  of  glance  coal  alternate  with  somewhat  thicker  bands 
of  dull  coal,  and  charcoal  layers  up  to  1  inch  in  thickness  appear  at 
intervals  throughout  the  bed.  In  general,  it  is  somewhat  brighter 
than  the  Herrin  coal,  and  is  somewhat  harder,  but  it  is  doubtful 
if  physical  appearance  serves  to  distinguish  coal  from  the  two  beds. 
The  Harrisburg  coal  ranges  from  54  inches  to  more  than  90  inches  in 
thickness.  Inspection  of  the  available  sections  fails  to  reveal  any  per- 
sistent partings  like  the  **blue  band"  of  the  Herrin  bed,  although  a  part- 
ing of  clay  and  pyrite  near  the  top  of  the  bed  is  not  uncommon. 

The  immediate  roof  of  the  Harrisburg  bed  is  in  most  places  slaty 
shale,  less  than  one  foot  thick,  and  overlain  by  dark  gray  shale  which 
locally  reaches  a  thickness  greater  than  40  feet.  Commonly  a  limestone 
from  3  to  10  feet  thick  appears  within  the  basal  20  feet  of  the  gray 
shale,  and  very  sandy  beds  come  in  on  top  of  this  limestone.  Above  the 
bed  rock  is  10  to  30  feet  of  yellow  clay,  generally  without  boulders. 
In  the  narrow  belt  mapped  the  total  cover  is  thought  to  be  less  than  TO 
feet  at  the  maximum. 

Stripping  for  local  needs  alone  has  been  done  from  time  to  time  in 
this  field,  and  it  is  only  recently  that  any  commercial  operations  have 
produced  coal.  At  the  pit  near  Ledford,  southwest  of  Harrisburg, 
T.  9  S.,  R.  6  E.,  the  stripping  is  done  with  a  steam  shovel  equipped 
with  a  6-yard  dipper  on  an  80-foot  boom  (fig.  14).  The  strip  cut  is 
from  30  to  50  feet  wide,  making  an  irregular  trench  trending  approxi- 
mately north  of  west  and  working  northward  across  the  property.    The 
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steam  shovel  is  followed  by  shovel  and  broom  gangs.  After  shooting, 
the  coal  is  loaded  with  a  steam  shovel  having  a  1  J4-yard  dipper  into  5- 
ton  pit  cars  with  side  gates.  The  cars  are  hauled  in  10-  to  15-car  trips 
by  steam  locomotives.    The  pit  cars  dump  the  coal  to  a  hopper,  whence 


Courtesy    of   Harrlaburg 


FiO.  15.      Maximum   overburden   at  th?  Ledfnrd  strip  pit.      Courtesy   of  Harrlsburg 
Coal   Mining   Company. 

it  is  loaded  to  a  pan  conveyor  by  a  reciprocating  boom.  From  the  con- 
veyor, the  coal  passes  over  reciprocating  screens  giving  four  standard 
sizes  and  2-inch  screenings  for  shipment.  Impurities  are  hand  picked 
from  the  booms. 
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The  coal  bed  in  this  pit  thins  from  a  maximum  of  108  inches  at 
the  east  to  a  minimum  of  72  inches  at  the  west.  The  bed  lies  essentially- 
flat,  and  is  remarkably  regular  except  for  the  gradual  change  in  thick- 
ness. 

The  overburden  handled  here  includes  about  40  feet  of  gray  gritty 
shale  of  rather  irregular  bedding  with  some  20  feet  of  yellow  clay 
above  it  (fig.  15).  The  latter  stands  well  when  undisturbed,  but  is  in- 
clined to  slump  into  the  pit  from  the  spoil-bank  in  rainy  weather. 

West  of  Saline  County  in  T.  9  S.,  R.  4  E.,  and  possibly  in  the 
northeast  part  of  T.  10  S.,  R.  4  E.,  Williamson  County  (fig.  20)  there 
is  probably  a  continuation  of  the  outcrop  line  of  the  Harrisburg  coal. 
Here  also  the  conditions  are  possibly  favorable  for  stripping,  but  the 
extent  or  thickness  of  the  coal  can  not  be  determined  from  available 
data. 

Similarly  east  of  Saline  County  in  T.  9  S.,  R.  8  E.,  Gallatin 
County  there  is  probably  an  extension  of  the  strip  areas,  but  how 
far  the  coal  is  thick  and  under  thin  cover  is  not  known.  Some  of 
this  field  is  tentatively  mapped  as  probable  strip  land. 

The  Herrin  (No.  6)  coal,  lying  stratigraphically  above  the  Har- 
risburg bed  is  also  present  in  the  north  half  of  Saline  County.  In 
general,  it  is  thinner  than  the  Harrisburg  coal  in  Saline  County,  and 
although  available  in  limited  areas  for  stripping,  w^ill  probably  not  he 
commercially  as  important  as  No.  5.  The  few  available  records 
show  this  coal  to  be  less  than  5  feet  thick,  commonly  less  than  3  feet, 
and  to  dip  northward  so  that  it  is  too  deeply  buried  for  stripping 
within  a  short  distance  from  the  outcrop.  Except  for  less  thickness, 
the  conditions  for  this  bed  are  similar  to  those  described  for  the  main 
field  in  Williamson  County. 

Schuyler  County 

The  most  favorable  area  for  stripping  so  far  reported  from 
Schuyler  Coimty  lies  in  the  south  half  of  T.  2  N.,  R.  1  W.,  north 
and  east  of  Rushville  (fig.  16).  Elsewhere,  although  the  county  is 
quite  generally  underlain  by  the  Colchester  bed,  except  along  the 
drainage  lines  of  Crooked  and  Sugar  creeks,  the  only  probable  strip 
sites  will  be  found  along  stream  valleys  near  the  line  of  outcrop. 

The  Rushville  coal  has  been  tentatively  correlated  with  the 
Springfield  (No.  5)  bed  of  Fulton  County.  It  ranges  from  57  to  78 
inches  in  thickness,  and  averages  about  66  inches.  No  regular  parting 
or  band  is  reported  in  the  bed.  Although  it  is  affected  by  "clay-slips" 
in  some  places,  they  are  not  large,  so  far  as  known,  and  do  not  cause 
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much  trouble  in  mining.  The  coal  itself  is  soft,  of  easy  and  irregular 
fracture,  and  has  a  dull  luster  because  of  the  few  bands  of  glance 
coal  in  the  bed. 

The  immediate  roof  is  black  shale,  with  a  thin  limestone  cap. 
Over  these  is  sandy  shale,  and  in  the  eastern  part  of  the  field  some 
thicker  limestones  have  been  reported  in  drill  logs.  Till  of  variable 
thickness  overlies  or  replaces  the  bed  rock.  The  maximum  cover  re- 
ported is  !)0  feet,  but  over  large  areas  it  is  probably  less  than  60  feet. 

Examination  of  the  map  (fig.  16)  will  show  that  several  small 
areas  in  the  western  part  of  the  county  have  been  indicated  as  pos- 
sibly worthy  of  testing.  These  are  merely  typical  of  the  region  in  gen- 
eral, and  no  attempt  has  been  made  to  include  all  of  them.    In  general 


FiQ.  16.    Index  map  of  Schuyler  Cuunly, 

this  coal,  the  Colchester  bed,  is  too  heavily  covered  in  the  upland  areas 
to  make  stripping  possible.  Along  .some  of  the  streams,  however,  and 
especially  near  the  line  of  outcrop,  areas  of  160  acres  extent  may  be 
found  where  the  cover  is  less  than  2.)  feet.  It  is  unlikely  that  any  com- 
mercial pits  can  be  operated  in  this  coal  in  Schuyler  County  under 
present  conditions. 

St.  Clair  County 

The  western  limit  of  the  Belleville  (No.  6)  coal  passes  in  a  south- 
easterly direction  across  St.  Clair  County.  Because  of  the  thick  cover 
of  unconsolidated  material  and  the  eastward  dip  of  the  Pennsylvanian 
beds,  however,  very  little  of  the  area  underlain  by  this  valuable  coal 
can  be  classed  as  strip  land.    The  coal  appears  to  lie  at  shallow  depth 
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in  two  narrow  fields  just  east  of  the  outcrop,  first,  in  T.  1  S.,  Rs.  7,  8, 
and  9  W.,  an  area  between  Freeburg  and  Millstadt,  and  second,  in  T. 
3  S.,  Rs.  6  and  7  W.  in  the  vicinity  of  Marissa  and  Lenzburg  (fig.  17). 
In  each  area,  the  Belleville  coal  ranges  from  60  to  84  inches,  and  shows 
the  three  benches  which  characterize  it  in  this  part  of  the  State.  The 
top  12  to  24  inches  is  commonly  the  purest  coal  of  the  whole  bed : 
the  middle  or  thickest  bench,  is  commonly  duller  than  the  rest  and 
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Fig.  17.    Index  map  of  St.  Clair  County. 
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contains  numerous  bands  of  dirt,  pyrite,  and  charcoal ;  the  bottom 
bench,  below  the  "blue  band",  is  extremely  variable  in  composition  and 
ranges  from  12  to  24  inches  in  thickness.  In  places  it  is  little  more 
than  carbonaceous  shale,  although  elsewhere  it  is  as  good  as  the  mid- 
dle bench. 

Below  the  surficial  materials,  the  coal  is  covered  by  bed  rock  of 
increasing  thickness  as  the  bed  is  traced  eastward.  This  includes  the 
black  shale  roof  and  the  cap  limestone,  above  which  lies  thick  hard 
shale.  The  roof  shale  ranges  from  8  feet  to  less  than  an  inch  in  thick- 
ness within  relatively  short  distances  and  the  limestone  cap  shows  near- 
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ly  as  great  variation.  Near  the  outcrop  of  the  coal,  the  overburden 
rarely  includes  any  bed  rock  above  the  cap  limestone,  but  farther  east 
the  upper  shale  is  prominent.  In  the  vicinity  of  Millstadt,  the  cover 
is  less  than  35  feet  and  it  is  probable  that  other  fields  may  be  found 
in  which  similar  conditions  obtain. 

Early  in  the  preceding  decade,  a  single  operation  in  St.  Clair 
County  was  producing  at  the  rate  of  more  than  15,000  tons  annually. 
No  information  is  at  hand  regarding  the  details  of  the  methods  of 
handling  either  the  overburden  or  the  coal.  Within  the  past  year, 
some  acreage  west  of  Freeburg  has  been  taken  up  and  equipment 
for  a  commercial  pit  may  soon  be  installed. 

Vermilion  County 

In  no  county  in  the  State  has  stripping  been  so  important  as  in 
Vermilion  County.  Here  were  worked  out  many  of  the  improve- 
ments both  in  equipment  and  the  method  of  working  which  have  made 
it  possible  at  the  present  time  to  strip  coal  that  earlier  was  far  too 
deeply  buried  for  such  recovery.  Geologic  reports  for  Vermilion 
County  show  the  outcrop  lines  of  the  Danville  (No.  7)  and  Grape 
,Creek  (No.  6)  coal  beds  drawn  in  a  general  north-south  direction 
through  T.  20  N.,  R.  12  W.;  T.  19  N.,  Rs.  11  and  12  W.;  T.  18  N., 
R.  11  W.,  and  T.  17  N.,  R.  11  W.  (fig.  18).  Is  some  places  this  out- 
crop is  accurately  determined ;  in  others  the  overburden  prevents  de- 
tailed mapping.  Along  the  main  channel  of  Vermilion  River,  both 
coals  are  above  drainage,  but  upstream  above  the  main  fork,  the  west- 
.ward  dip  of  the  coal  beds  carries  them  well  below  drainage  and  also 
below  too  great  a  thickness  of  overburden  for  stripping.  It  is  mainly 
.along  the  widened  river  valleys  that  stripping  is  practicable,  and  in 
the  thirty-five  years  that  mechanical  stripping  has  been  practiced  in  this 
field,  a  large  percentage  of  the  available  strip  land  has  been  worked. 
On  this  account,  the  Vermilion  County  field  is  of  interest  more  for 
its  historical  background  than  for  its  probable  place  in  the  coming  de- 
velopment of  the  stripping  industry. 

Two  coal  beds  underlie  the  Vermilion  County  field,  and  each  has 
been  worked  by  stripping  methods.  The  upper  bed,  commonly  called 
the  Danville  coal  and  correlated  as  the  No.  7  in  the  Illinois  section, 
ranges  in  thickness  from  about  36  inches  to  more  than  60  inches  in  the 
stripping  area.  The  bed  varies  locally  in  thickness,  especially  where 
the  bed  rock  cover  has  been  removed  and  the  glacial  drift  lies  directly 
over  the  coal.  In  some  places,  a  shale  parting  not  unlike  the  "blue 
band"  of  the  No.  6  coal,  divides  the  bed  into  two  benches.  As  a  rule, 
the  partings  are  not  as  persistent  as  in  the  lower  bed.  Pyritic  masses  of 
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various  sizes  are  especially  abundant  in  parts  of  the  bed.  Equipment 
for  operating  and  cleaning  this  material  was  installed  in  one  plant,  and 
during  the  war  period  the  demand  for  sulphuric  acid  provided  con- 
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FiQ.  18.    Index  map  of  Vermilion  County.     Figures  accompanying  strip  pit 

symbols  refer  to  mines  listed  in  Table  1. 

siderable  profit  on  this  by-product.    Of  late  years,  this  separated  ma- 
terial has  not  been  marketed. 

The  roof  of  the  Danville  bed  is  commonly  black  shale  of  variable 
thickness,  overlain  by  gray  shale  which  in  places  reaches  a  thickness 
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of  more  than  50  feet.  Its  thickness  in  the  stripping  field  depends 
upon  the  extent  of  erosion  that  the  area  has  undergone.  Above  the 
bed  rock  is  the  usual  glacial  drift  of  the  region.  Where  untouched  by 
stream  erosion,  this  is  generally  too  thick  for  removal  by  shovels.  The 
stripping  areas  are  largely  restricted  to  the  vicinity  of  the  larger  stream 
channels. 

The  Grape  Creek  (No.  6)  coal  in  the  probable  stripping  area  is 
generally  more  than  72  inches  thick.  It  commonly  lies  in  two  benches 
separated  by  the  shale  parting  known  as  the  "blue  band",  which  comes 
somewhat  below  the  middle  of  the  bed.  The  two  benches  are  not  un- 
like, consisting  of  alternating  dull  and  bright  layers  with  interlaminated 
charcoal,  dirt,  and  pyrite.  The  Grape  Creek  coal  has  in  most  places  a 
smaller  amount  of  impurities  than  the  Danville  bed. 

In  the  stripping  area,  the  bed  rock  over  this  coal  is  shale,  although 
in  the  immediate  vicinity  of  Danville  there  is  a  persistent  limestone 
caprock  somewhat  above  the  coal.  The  more  common  shale  is  rela- 
tively unconsolidated,  and  is  readily  handled  by  the  shovel. 

Six  commercial  pits  arc  now  being  operated  in  Vermilion  County, 
four  of  them  working  the  Danville  coal,  and  two  working  the  Grape 
Creek  bed.  In  the  westernmost  of  these  pits,  the  stripping  is  done  with 
a  steam  shovel  operating  a  6-yard  bucket  on  an  80-foot  boom.  The  coal 
has  been  stripped  in  a  series  of  east-west  cuts,  working  northward  to  a 
limit  fixed  by  former  underground  mines  long  since  abandoned.  Shovel 
g*angs  finish  cleaning  off  the  coal,  brooms  being  used  only  when  nec- 
essary. The  coal  is  then  shot  with  black  powder,  loaded  into  5-ton  pit 
cars  with  a  standard  steam  shovel  using  a  13/2-yard  dipper.  The  cars 
are  hauled  by  20-ton  steam  locomotives  in  trips  of  twelve  to  the  foot 
of  a  long  incline  leading  to  the  tipple  at  the  top  of  the  bluff.  On  account 
of  the  long  steep  pull,  the  pit  cars  are  handled  one  at  a  time  up  this 
incline.  At  the  tipple,  most  of  the  coal  is  passed  over  screens  and  pick- 
ing tables,  although  some  mine  run  is  also  marketed.  Water  in  this 
pit  is  pumped  over  the  spoil  bank  to  the  main  drainage  line  of  the 
region. 

The  overburden,  though  thinner  near  the  river  valley  to  the  south 
and  east,  is  rather  uniformly  about  35  to  50  feet  where  it  is  now  being 
removed.  It  includes  about  10  feet  of  surface  soil  and  slightly  bouldery 
clay  and  from  25  to  40  feet  of  light  gray  shale,  fairly  hard  and  usually; 
well  bedded.  Practically  no  variations  in  character  of  overburden  are 
met  in  this  tract.  The  coal  ranges  from  5J/2  to  6  feet  in  thickness,  and 
is  essentially  flat.  The  only  interruptions  of  the  bed  are  found  where 
the  shale  roof  and  some  of  the  coal  have  been  removed  by  earlier 
erosion,  producing  a  down-roll  which  in  places  cuts  out  all  but  two  feet 
of  the  bed. 
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Another  pit,  also  working  the  Danville  coal  bed,  is  operating  two 
steam  shovels,  one  equipped  with  a  3-yard  dipper  on  a  70-foot  boom, 
the  other  w-ith  a  6-yard  dipper  on  a  boom  about  80  feet  long.  Through- 
out this  pit,  the  stripping  is  done  essentially  along  lines  which  parallel 
the  drainage  of  the  area,  the  limit  of  stripping  is  determined  by  the 
main  valley  walls,  back  of  which  the  overburden  is  too  great  for  present 
methods  and  equipment.  Shovel  gangs  follow  the  stripper,  and  the 
coal  is  loaded  out  to  5-ton,  side  gate,  pit  cars  with  a  IJ^-yard  steam 
shovel.  The  pit  locomotives  carry  about  fifteen  cars  in  a  trip  to  the 
foot  of  a  long  incline  leading  to  the  tipple,  which  is  situated  along  the 
railroad  track  at  the  top  of  the  bluff.  Cars  are  hauled  up  the  incline  by 
a  cable  in  trips  of  four.  At  the  tipple,  they  are  dumped  into  a  hopper 
w^hich  feeds  the  coal  on  to  an  endless  steel  conveyor  by  which  it  is  car- 
ried to  the  screens.  On  this  first  conveyor,  the  larger  lumps  are  sledged 
and  two  pickers  remove  impurities.  After  screening,  the  coal  again 
passes  over  picking  tables  before  being  loaded  by  booms  to  railway  cars 
below.  This  tipple  was  equipped  during  the  war  period  for  separating^ 
and  cleaning  the  pyrite  which  occurs  rather  abundantly  throughout  the 
coal  bed.  Since  the  demand  for  this  material  has  lessened,  it  is  merelv 
separated  and  buried  to  prevent  firing. 

The  coal  in  this  pit  ranges  from  5  to  6  feet  in  thickness,  and 
although  it  includes  the  many  impurities  of  pyrite  and  shale  character- 
istic of  this  bed,  no  regular  partings  are  recognized.  The  overburden 
is  extremely  variable,  depending  on  the  location  of  the  cut  with  refer- 
ence to  the  valley.  In  much  of  the  middle  portion  of  the  valley,  there 
is  as  little  as  6  feet  of  shale  immediately  overlying  the  coal,  with  per- 
haps no  more  than  12  feet  of  till  or  alluvial  sands  above.  As  the  shovel 
approaches  the  main  valley  w^all,  however,  the  overburden  changes  in 
character  and  increases  in  thickness.  At  points  where  maximum  cover 
is  removed,  the  cut  shows  as  much  as  15  feet  of  surface  material,  in- 
cluding some  bouldery  clay  and  35  feet  of  light  gray  shale,  well  bedded 
and  rather  hard. 

In  working  the  Grape  Creek  coal  southeast  of  Georgetown,  the 
overburden  is  handled  with  a  steam  shovel  operating  a  5-yard  dipper 
on  an  80-foot  boom.  The  coal  is  recovered  from  a  stream  valley,  arid, 
as  usual  in  such  situations,  the  direction  of  cut  is  determined  by  the 
topography  of  the  field.  The  shovel  gang  completes  the  cleaning  of  the 
coal,  as  sweeping  is  usually  unnecessary  because  of  the  character  of  the 
overburden.  The  coal  is  loaded  out  with  a  steam  shovel  using  a  lyi- 
yard  dipper.  Pit  cars  of  5-ton  capacity  with  side  gates,  and  running  on 
a  36-inch  track  are  hauled  out  in  trips  of  four  to  the  tipple  at  the  west 
end  of  the  pit.    The  coal  is  dumped  into  a  hopper,  thence  fed  to  a  steel 
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conveyor,  by  which  it  is  taken  to  screens  and  picking  tables.  Two  sizes 
are  made  in  this  mine ;  all  coal  passing  one-inch  bar  screen  is  classed  as 
lump  and  the  rest  as  screenings.  Lump  coal  is  loaded  over  booms,  the 
screenings  through  chutes.  The  overburden  in  this  pit  varies  as  differ- 
ent parts  of  the  valley  are  worked,  but  on  the  average  shows  from  10 
to  15  feet  of  surface  material  with  perhaps  a  maximum  of  25  feet  of 
shale  below.  The  coal  bed  averages  about  5  feet  in  thickness  and  com- 
monly shows  some  pyrite  and  shale  partings. 

Wabash  County 

Wabash  County  has  never  been  more  than  a  local  producer  of 
coal,  for  the  known  beds  are  thin  or  lie  deeply  buried.  In  the  south 
central  part  of  the  county,  however,  a  coal  of  moderate  thickness 
appears  to  lie  at  shallow  depth  in  T.  1  N.,  Rs.  12,  13  and  14  W.,  and  in 
Tps.  1  and  2  S.,  Rs.  13  and  14  W. 

The  only  coal  in  the  county  which  appears  to  be  workable  by  strip- 
ping methods  is  the  thin  bed  known  as  the  Friendsville  coal,  which  has 
been  mined  in  wagon  pits  near  Friendsville,  Maud,  Bellmont  and  Keens- 
burg.  It  has  been  reported  generally  at  shallow  depths  elsewhere  in 
this  field,  so  that  its  area. is  fairly  well  known.  At  the  north,  however, 
the  limit  is  not  fixed,  and  the  coal  is  possibly  continuous  with  the  sim- 
ilar bed  near  Calhoun  in  Richland  County. 

In  Wabash  County,  the  Friendsville  coal  ranges  from  less  than  12 
to  mor^  than  48  inches  in  thickness,  and  perhaps  does  not  vary  much 
from  36  inches  over  most  of  the  area  mapped  (fig.  19). 

In  this  field,  the  cover  ranges  from  less  than  10  feet  to  more 
than  65  feet.  It  is  believed  that  along  the  rather  wide  stream  valleys  of 
the  region,  considerable  tracts  will  be  found  in  which  the  coal  lies  at  less 
than  35  feet  below  the  surface. 

The  roof  of  the  coal  is  commonly  gray  shale  but  where  the  bed 
rock  cover  is  thick,  the  shale  may  be  topped  by  sandstone.  Locally,  as 
reported  in  a  few  tests,  the  coal  is  accompanied  by  a  limestone  roof  and 
this,  too,  is  in  places  overlain  by  sandstone.  In  these  variations,  the 
Friendsville  coal  closely  resembles  the  Calhoun  bed  which  is  mined  a 
few  miles  to  the  northw^est. 

So  far  as  has  been  reported,  this  bed  has  not  been  stripped,  and  no 
analyses  are  at  hand  to  indicate  its  composition.  From  early  reports, 
the  coal  appears  rather  high  in  impurities,  so  that  the  yield  of  ash  is 
large.    It  burns  rather  freely,  but  does  not  coke. 

Warren  County 

Warren  County  shows  but  little  territory  which  appears  to  be  val- 
uable as  strip  coal  property.     In  general,  the  coals  of  the  county  are 
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thin  and  rather  too  deeply  buried  to  be  accessible  to  the  shovel.  In  the 
southwestern  part  of  the  county,  however,  especially  in  the  east  half  of 
T.  9  N.,  R.  3  \V,  and  in  most  of  T.  9  N.,  R.  2  W.,  the  conditions  seem  to 
warrant  testing  (fig.  !*,  p.  33). 

There  are  two  coals  under  part  of  these  townships,  the  upper  being 
the  Colchester  bed  and  the  lower,  a  thicker  bed,  tentatively  correlated 
with  the  Rock  Island  bed.  It  is  possible  that  there  are  small  tracts  in 
which  both  coals  may  be  stripped,  since  the  interval  between  them 
ranges  from  40  to  less  than  SO  feet, 

R.14W,  R.I3W.  R,12W.         R.ltW. 


The  Colchester  coal  appears  to  maintain  a  rather  uniform  thickness 
of  24  to  30  inches  in  the  area  above  noted,  although  on  account  of  its 
somewhat  irregular  distribution,  it  may  be  thiiner  locally.  All  prelim- 
inary testing  should  take  account  of  this  probable  variation.  The  coal 
is  of  fair  quality  in  most  places,  mostly  dull  with  but  few  bright  bands, 
but  shows  no  persistent  partings  of  shale  or  bone.  Facings  of  calcite 
and  gypsum  and  small  lenses  of  pyrite  are  common. 

The  overburden  consists  of  a  rather  massive  shale  roof  and  till. 
The  shale  commonly  includes  a  band  of  black  fissile  shale  but  is  more 
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sandy  in  the  upper  part  than  below,  commonly  grading  laterally  into 
sandstone.  It  is  not  believed  that  this  stratum  will  seriously  interfere 
with  stripping  operations.  In  the  area  indicated  on  figure  9,  the  sur- 
face material  seems  to  be  from  5  to  55  feet  thick,  but  it  is  recognized 
that  this  maximum  will  be  exceeded  locally. 

The  lower  coal,  which  is  present  in  at  least  the  eastern  part  of 
T.  9  N.,  R.  2  W.  is  about  40  inches  thick,  but  is  relatively  soft  and 
notably  laminated  with  prominent  bright  and  dull  bands.  A  bony  or 
shale  parting  near  the  middle  is  usually  present,  and  the  lower  bench 
is  softer  than  the  top.  Facings  of  calcite,  gypsum  and  pyrite  are  so 
common  in  exposures  now  known  that  the  ash  and  sulphur  content  is 
generally  high.  It  is  not  improbable  that,  when  opened  farther  from 
the  outcrop,  the  impurities  will  be  of  less  importance,  a  feature  which 
should  be  carefully  noted  in  any  tests  for  commercial  operations.  The 
overburden,  obviously  greater  than  that  of  the  Colchester  bed,  is  essen- 
tially the  same  as  that  noted  for  the  upper  bed,  with  the  additional  bed 
rock  which  normally  intervenes  between  the  two  coals.  This  interval 
at  the  maximum  includes  about  30  feet  of  shale  below  the  Colchester 
bed,  and  from  2  to  8  feet  of  limestone  coming  between  that  shale  and 
the  roof  clod  of  the  lower  coal  bed.  It  is  not  probable  that  there  are 
any  extensive  areas  in  which  the  lower  bed  can  be  stripped." 

Wayne  County 
Described  on  page  57. 

Will  County 
Described  on  page  26. 

Williamson  County 

Williamson  County  includes  between  thirty  and  forty  miles  of  the 
outcrop  line  of  the  Herrin  (No.  6)  coal,  and  an  unknown  amount  of 
the  outcrop  line  of  lower  beds  such  as  the  Harrisburg  (No.  5)  and  the 
Murphysboro  (No.  2)  coals.  Since  the  areas  in  which  these  lower  beds 
may  perhaps  be  stripped  can  not  be  defined  on  present  data,  this  report 
will  deal  with  the  Herrin  bed  only.  Some  mention  of  the  Harrisburg 
coal  was  made  in  connection  with  the  discussion  of  that  bed  in  Saline 
County. 

Because  of  the  relatively  steep  northward  dip  of  the  Pennsylvan- 
ian  beds  in  this  part  of  the  State,  the  stripping  area  for  the  Herrin  coal 
is  limited  to  a  narrow  belt  just  north  of  the  outcrop  line.  The  cover 
of  glacial  drift  in  this  county,  as  elsewhere  in  the  coal  fields  of  Illinois, 
renders  it  difficult  to  determine  the  limit  of  any  coal  bed  accurately. 
Particularly  in  the  area  between  Herrin  and  Crab  Orchard  Creek  val- 
ley to  the  south  are  the  relations  indefinite. 
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With  the  above  modification,  the  following  townships  may  be  con- 
sidered as  including  the  outcrop  of  the  No.  6  coal  in  such  relations  of 
thickness  and  cover  as  to  be  worth  testing  for  stripping  purposes :  T.  8 
S.,  R.  1  E. ;  and  T.  9  S.,  Rs.  1,  2,  3,  and  4  E. 

Throughout  practically  all  of  this  field,  the  coal  is  72  inches  or 
more  in  thickness,  although  in  some  pits  it  averages  as  much  as  84 
inches.  As  elsewhere,  on  account  of  pre-glacial  erosion,  the  coal  is 
thinner  and  shows  greater  variation  in  thickness  near  the  outcrop  than 
farther  back.  The  following  descriptions  of  this  coal  now  mined 
so  extensively  underground  in  the  northern  part  of  this  county  and 
in  Franklin  and  JeflFerson  counties  is  generally  applicable  to  this  field. ^ 

"The  coal  is  shining  black,  commonly  banded,  and  on  close  inspec- 
tion appears  laminated  with  alternating  bright  and  dull  lines.  A  'blue 
band',  or  dirt  band,  found  almost  everywhere  18  to  30  inches  above 
the  floor,  generally  consists  of  bone  or  shaly  coal  or  of  gray  shale.  Its 
thickness  varies  from  one-half  to  21/^  inches  with  an  average  of  about 
l7<j  inches. 

"A  clean  persistent  parting  of  mother  coal  lies  14  to  24  inches 
below  the  top  of  the  bed  and  a  second  parting  generally  appears  5  to  8 
inches  down.  Above  the  upper  parting  the  coal  is  in  layers  3  to  6 
inches  thick,  with  partings  of  mother  coal  between  them.  Local  lenses 
of  mother  coal,  6  inches  to  5  feet  in  length  and  1  to  4  inches  thick, 
are  common  in  the  upper  third  of  the  bed.  Small  pyrite  lenses  and 
streaks  of  bone,  a  few  inches  to  a  foot  or  more  in  length  and  one- fourth 
to  1  inch  in  thickness  are  found  here  and  there  in  the  middle  por- 
tion of  the  bed,  a  short  distance  above  the  'blue  band'.  In  the  mid- 
dle and  lower  parts  of  the  bed  the  lamination  is  less  distinct  but  the 
bedding  is  still  evident." 

The  cover  of  the  Herrin  (No.  6)  coal  near  the  line  of  outcrop  is 
similar  to  that  described  for  Jackson  County  on  the  west.  In  the  area 
mapped  for  testing  (fig.  20),  the  cover  is  believed  to  be  less  than  70 
feet  thick.  The  glacial  drift,  including  some  boulder  clay  but  more 
commonly  fine  clay  without  stones  larger  then  pebbles,  ranges  from 
about  5  to  25  feet  in  thickness.  Near  the  margin  of  the  coal  bed  the 
cover  is  about  half  of  surficial  and  half  of  bed  rock  materials.  As  the 
deeper  part  of  the  field  is  entered,  the  increased  thickness  of  cover 
includes  a  greater  proportion  of  bed  rock. 

The  immediate  cover  of  the  coal  is  normally  3  feet  of  black  shale, 
slaty  in  places.  Above  this  is  the  cap  limestone,  ranging  from  a  thin 
stratum  of  boulders  to  a  massive  bed  more  than  5  feet  thick.  The 
limestone  is  overlain  by  another  bed  of  shale  more  or  less  sandy  and 

»  Shaw.  E.  W.,  and  Savage.  T.  E.,  U.  S.  Geol.  Survey  Geol.  Atlas,  Murphys- 
boro-Herrln  Folio   (No.  185),  p.  14.  1912. 
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grading  to  sandstone  in  places.  In  some  pits,  clay  shale  comes  in  be- 
tween the  coal  and  the  slaty  black  shale.  Near  Spillertown,  T.  9  S.. 
R.  2  E.,  this  gray  shale  is  commonly  in  the  form  of  lenses,  but  else- 
where, as  near  Carterville,  T.  9  S.,  R.  1  E.,  it  is  a  thick  massive  bed, 
and  no  other  strata  appear  over  the  coal. 

These  several  beds  above  the  coal  vary  considerably  from  place 
to  place,  so  that  no  standard  cover  can  be  described.  \\Tiere  thin,  the 
overburden  may  include  some  15  feet  of  glacial  clay  with  an  equal 
thickness  of  gray  shale  or  of  limestone  and  slate  above  the  coal. 
Where  the  total  cover  is  thicker,  the  glacial  drift  may  be  no  heavier, 
but  the  additional  overburden  includes  greater  thicknesses  of  limestone 
and  of  overlying  gray  shale.     It  is  believed  that  only  rarely  will  areas 


Fia21.    DlaKrammatlc  section  of  overburden  In  a  Williamson  County  pit. 

be  found  in  which  cover  is  of  such  character  as  to  be  too  difficult  to 
remove  with  modern  stripping  equipment. 

Stripping  has  been  practiced  for  many  years  in  this  county  so 
that  equipment  and  mining  methods  vary  from  pit  to  pit.  At  one  of 
,the  larger  pits  southeast  of  Herrin,  the  stripping  shovel  makes  a 
straight  north-south  cut  working  westward  across  the  property.  The 
surface  of  the  coal  is  well  cleaned  with  shovel  and  broom,  so  that  after 
shooting  the  coal  can  he  loaded  directly  to  the  railway  cars  for  ship- 
ment. No  screening  equipment  has  been  installed  at  this  pit  since  mine 
run  only  is  shipped. 

The  coal  at  this  pit  ranges  from  "tZ  inches  to  102  inches  in  thick- 
ness, except  where  part  of  the  bed  has  been  removed  by  erosion.  The 
bed  dips  gently  northward,  but  shows  local  rolls  as  much  as  5  feet 
high.  Figure  21  shows  the  relative  positions  of  coal,  shale,  and  lime- 
stone, as  exposed  at  the  time  of  examination  of  this  pit.  It  will  be 
noted  that  the  shale  bed  just  over  the  coal  ihickens  to  the  south.  Where 
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the  pit  was  opened,  no  other  bed  rock  appeared  over  the  coal.  The 
coal  itself  has  shown  but  Hule  variation  in  character  or  thickness  with 
the  change  in  the  overburden.  Where  measured,  the  bed  was  8  feet 
thick  and  showed  few  partings  except  the  regular  "blue  band"  of 
shale  about  2  feet  aboi'e  the  floor  clay. 

Whatever  water  accumulnte.s  at  the  bottom  of  the  pit  is  pumjjcd 
over  the  uncut  bank  into  the  regular  drainage  channel  of  the  area. 

South  of  this  pit  is  another  which  has  been  worked  with  varying 
degrees  of  success  for  several  years.  At  the  present  time,  the  strip- 
ping is  done  by  a  steam  shovel  operating  an  80-foot  boom  which  car- 
ries a  6-yard  dipper  on  a  58-foot  dipper-stick.     The  plan  of  opera- 


Fio.  22.    Conl  and  overburden  at  SpUlertown  pit,  T.  B  S..  R.  J  E.. 
wniiamson  Counly. 

tions  has  been  changed  from  time  to  time  as  various  factors  have  ne- 
cessitated modification  of  the  original  plan.  Recently  the  coal  has 
been  stripped  in  a  circular  belt,  the  first  cuts  Iwing  as  far  from  the 
outcrop  as  present  equipment  seemed  to  permit.  The  surface  of  the 
coal  is  cleaned  by  means  of  team  and  scraper,  followed  by  shove! 
gangs.  The  coal  is  then  shot  with  black  powder  and  loaded  directly 
into  railway  cars.  With  this  equipment  coal  is  loaded  out  at  the  rate  of 
2000  tons  per  8-hour  shift,  the  stripping  shovel  working  three  shifts. 
The  coal  bed  is  interrupted  in  this  pit  by  a  small  vertical  fault 
which  trends  about  north  2'}°  west  and  is  crossed  at  both  ends  of  the 
semi-circular  pit.  This  is  of  slight  consequence,  except  as  it  slows  up 
the  loading  and  makes  it  necessary  for  the  loading  shovel  to  spend 
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some  time  cleaning  up  the  mixed  coal  and  shale  at  the  fault  zone. 
Some  shifting  of  the  track  grade  is  obviously  necessitated  by  the  fault 
also. 

In  the  Spillertown  area,  T.  9  S.,  R.  2  E.,  no  large  pits  are 
now  being  worked,  but  several  local'pits  are  usually  in  operation. 
These  commonly  w-ork  on  as  little  as  ten  acres,  so  that  there  may  be 
three  or  four  pits  on  a  single  forty-acre  tract.  In  the  main,  these 
are  wholly  hand  worked,  the  mule  and  hand  scraper  followed  by 
sweepers  or  not,  as  the  market  may  demand.  Most  of  the  surface  dirt 
is  cleaned  off  but  the  elimination  of  the  hard  roof  shale  is  not  as 
thorough.    Water  is  usually  taken  care  of  by  gasoline  driven  pumps. 

The  coal  is  not  worked  far  down  the  slight  northeast  dip.  since 
the  stripping  equipment  does  not  permit  handling  any  great  thickness 
of  overburden  economically.  The  exposures  examined  show  coal  from 
6  to  8  feet  thick,  about  3  feet  of  black  fissile  shale  with  highly  weath- 
ered limestone  nearly  10  feet  thick,  and  from  5  to  15  feet  of  surface 
clay  on  top.  Figure  22  shows  the  general  appearance  of  the  pits  in 
which  the  bed  rock  cover  is  slight  and  includes  no  limestone. 

Other  Counties 
general  statement 

As  Stated  in  the  general  discussion  earlier  in  this  report,  some 
of  those  counties  lying  outside  the  main  producing  fields  of  the  State 
are  known  to  contain  more  or  less  extensive  deposits  of  thin  coal  at 
depths  which  in  general  are  slight  enough  to  permit  stripping.  These 
beds  have  been  worked  in  a  small  way  for  a  great  many  years,  but 
little  or  no  systematic  drilling  has  been  reported  so  that  their  actual 
extent  is  not  known.  Commercial  operations  have  not  been  started 
in  any  of  these  counties,  nor  does  it  seem  likely  that  any  w'ill  be  in 
the  near  future.  On  the  other  hand,  some  of  these  deposits  may  be  of 
value  in  meeting  the  present  local  needs  of  communities  commercially 
less  accessible  to  present  coal  production,  and  certainly  will  be  import- 
ant in  the  future  when  the  thicker  coal  beds  are  w^orked  out. 

The  coal  immediately  below  the  surface  material  throughout  these 
minor  fields  is  imiformly  thin,  ranging  from  a  few  inches  to  a  little 
more  than  3  feet.  In  general,  the  deposits  are  less  than  24  inches  thick, 
but  further  drilling  may  show  greater  average  thickness  in  places. 
The  beds  are  essentially  flat  lying  when  large  areas  are  considered,  but 
within  a  given  tow-nship  or  even  a  single  square  mile,  considerable 
difference  in  elevation  mav  be  noted.  The  coal  lies  in  a  series  of  ir- 
regularly  shaped,  nearly  discontinuous  basins,  so  that  several  distinct 
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fields  may  be  found  within  a  single  county.  In  places  the  coal  has 
been  found  to  be  of  excellent  quality.  Elsewhere,  even  within  a  short 
distance,  it  has  been  found  to  vary  from  good  to  very  poor  grade, 
with  abundant  partings  of  shale  or  pyrite.  In  other  words,  these  de- 
posits exhibit  the  variation  in  both  chemical  and  physical  properties 
which  are  to  be  expected  in  coals  of  local  deposition  in  small  swamps 
where  conditions  were  not  uniform  either  over  large  areas  or  during 
long  periods  of  time. 

Comparable  to  variations  in  the  coal  bed  are  the  differences  in 
roof  conditions.  Shale  is  the  most  common  roof  for  these  beds  of  thin 
coal,  but  it  may  be  sandy,  or  slaty,  or  soft  and  massive.  Locally,  the 
roof  is  sandstone  or  in  a  few  places  limestone. 

EFFINGHAM  AND  CLAY  COU.VTIES 

A  coal  which  Worthen  called  No.  1(>  of  the  general  coal  section, 
lies  beneath  relatively  light  cover  in  the  southwestern  portion  of  Effing- 
ham County.  It  has  been  reported  36  inches  thick,  but  where  meas- 
ured, proved  to  be  less  than  24  inches.  The  bed  dips  eastward  so  that 
it  is  too  deep  for  stripping  a  short  distance  from  its  outcrop.  The  over- 
burden is  variable  in  character,  locally  including  calcareous  black  shale. 
In  places  the  coal  is  overlain  by  a  4- foot  limestone  and  loose  drift. 
Probably  the  only  stripping  areas  will  be  found  near  the  drainage  lines. 
Northwestern  Clay  County  may  include  an  extension  of  this  field. 

MARION  AND  JEFFERSON  COUNTIES 

Thin  coal  underlies  practically  all  of  Marion  County,  and  all  but 
the  southwest  part  of  Jefferson  County,  ranging  in  thickness  from  a 
few  inches  to  2  feet.  Worthen  reported  coal  at  nearly  forty  places  in 
Marion  County  alone,  and  stated  that  the  quality  was  "in  most  instances 
very  fair."  With  but  few  exceptions,  he  referred  all  these  discoveries 
to  the  same  coal  bed.  If  this  is  the  case,  the  deposition  of  coal  seems  to 
have  been  rather  more  uniform  here  than  in  Effingham  and  Clay  coun- 
ties to  the  northeast.  The  overburden  includes  black  sheeted  shale  with 
limestone  overlying  it  in  places.  Elsewhere,  the  black  shale  grades  up- 
ward into  softer  shale,  capped  by  sandstone.  In  Jefferson  County,  the 
bed  rarely  includes  more  than  18  inches  of  good  coal,  the  rest  being 
pyritic  and  bony.  In  places  the  bed  is  split  by  a  shale  parting,  which 
locally  becomes  too  thick  to  permit  mining  the  coal. 

WAYNE  AND  EDWARDS  COUNTIES 

Only  a  small  part  of  Wayne  and  Edwards  counties  contains  coal 
of  any  thickness  suitable  for  stripping.     In  the  northeast  portion  of 
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Wayne  and  the  adjoining  part  of  Edwards  County,  a  coal  ranging  from 
1  to  2  feet  in  thickness  lies  relatively  near  the  surface,  but  it  is  com- 
monly too  deeply  buried  to  be  stripped.  The  bed  rock  overburden  in- 
cludes a  few  feet  of  shale  with  sandstone  above.  The  surficial  de- 
posits are  usually  less  than  15  feet  in  the  interior  of  the  counties, 
but  somewhat  thicker  toward  the  east  margin  of  Edwards  County 
along  Bonpas  Creek  and  the  Wabash.  In  southeastern  Edwards 
County,  a  coal  bed  ranging  from  30  to  36  inches  in  thickness  lies  at 
less  than  40  feet  l>encath  several  small  areas.  The  coal  is  reported 
to  be  hard,  of  splinty  or  semi-block  grade,  and  is  probably  to  be  cor- 
related with  some  of  the  beds  across  the  Wabash  in  Indiana.  It  was 
tentatively  regarded  by  W^orthen  as  identical  with  his  Xo.  13  of  the 
Illinois  section. 

JOHNSON  AND  POPE  COUNTIES 

Both  Johnson  and  Pope  counties  lie  at  the  south  end  of  the  Illi- 
nois coal  field,  and  do  not  appear  to  contain  coal  deposits  that  are 
especially  valuable  for  stripping  purposes,  but  as  stripping  has  been 
done  in  places  in  them,  a  brief  discussion  is  included  in  this  report. 

Coal  has  been  stripped  in  sec.  32,  T.  11  S.,  R.  3  E.  and  sees.  3,  19 
and  32  of  T.  11  S.,  R.  4  E.,  all  in  Johnson  County.  The  areas  suitable 
for  stripping  are  limited  to  the  rather  sharply  incised  valleys.  The 
coal  ranges  from  18  to  36  inches  in  thickness,  and  commonly  lies  be- 
neath a  sandstone  roof.  Only  limited  thicknesses  of  this  rock  can 
be  removed  profitably  in  the  local  stripping  operations  afforded  by 
this  thin  coal. 

In  Pope  County,  stripping  coal  is  known  in  sees.  14  and  32,  T. 
12  S.,  R.  6  E.  Here,  the  coal  outcrops  along  streams,  and  the  cover 
is  too  thick  for  stripping,  except  close  to  the  channels.  The  coal  is 
about  2  feet  thick,  and  is  usually  overlain  by  from  5  to  12  feet  of  dark 
gray  shale.  Where  the  bed  rock  is  heavier,  the  cover  includes  several 
feet  of  sandstone. 

Both  of  these  coals  are  thought  to  lie  low  enough  in  the  general 
coal  section  of  the  Illinois  field  to  be  at  or  below  the  horizon  of  the  No. 
1  coal. 
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GOAL  RESOURCES  OF  DISTRICT  III 

By  Harold  Ef.  Culver 


PART  I— GENERAL  RELATIONS  WITHIN 

DISTRICT  III 

INTRODUCTION 


Importance  of  the  Area 

This  report  covers  an  area  of  about  11,000  square  miles  in  the 
western  part  of  the  State,  comprising  all  or  parts  of  the  following 
counties:  Adams,  Brown,  Calhoun,  Cass,  Fulton,  Greene,  Hancock, 
Henderson,  Henry,  Jersey,  Knox,  Madison,  Mason,  McDonough, 
Mercer,  Morgan,  Pike,  Rock  Island,  Schuyler,  Scott,  Warren,  and 
Whiteside  (fig.  1).  This  district,  one  of  eight  into  which  the  State  is 
divided  for  purpose  of  coal  investigation,  is  defined  as  the  area  lying 
west  of  the  Longwall  (District  I)  and  Springfield- Peoria  (District  IV) 
districts, .and  underlain  by  Rock  Island  (No.  1)  and  Colchester  (No.  2) 
coals. 

Coal  mining  has  long  been  one  of  the  minor  industries  of  western 
Illinois,  but  at  no  time  has  it  been  the  chief  industry.  Nor,  indeed, 
has  the  production  of  coal  from  this  district  ever  been  a  large  percent- 
age of  the  total  for  the  State,  as  indicated  in  Table  1.     Nevertheless, 

Table  1. — Relative  importance  of  District  III  in  Illinois  coal  production 


Production 

Year 

District   III 
Tons 

State 
Tons 

Percentage  of 
total  for  State 

524,832 
528,000 
494,007 
741,311 
480,573 
435,436 

2,624,103 
2,937,776 
15,274,727 
25,153,929 
48,717,583 
73,920,653 

20. 

18. 

3.24 

2.94 

0.98 

0.59 

1870 
1880 
1890 
1900 
1910 
1920 


the  production  in  certain  parts  of  the  district  has  been  noteworthy  at 
times,  and  at  present  as  in  the  past  is  not  an  unimportant  factor  in 
supplying  local  needs. 
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Topography 

The  area  lies  along  the  west  margin  of  the  State,  and  is,  in  large 
part,  level  prairie  land.  Sharp*  incision  by  streams  in  some  parts  of 
the  area  has  resulted  in  considerable  roughness  and  marked  relief. 
This  is  particularly  true  in  the  southwestern  portion,  including  parts  of 
Adams,  Schuyler,  Brown,  and  Pike  counties. 

The  elevations  range  from  below  500  feet  in  southern  Calhoun 
and  western  Fulton  counties  to  over  800  feet  in  northeastern  Mercer 
County.  In  general,  the  surface  rises  to  elevations  above  800  feet  in 
both  northern  and  southern  parts,  with  low  areas  along  prominent 
drainage  lines  throughout  the  district.  The  Mississippi  and  Illinois 
control  the  drainage  of  the  area.  In  the  north,  the  major  tributaries 
are  Rock  River,  Edwards  River,  and  Henderson  Creek ;  in  the  central 
part,  Spoon  River  and  Crooked  Creek,  and  in  the  southern  part  McGees, 
Apple,  Macoupin,  and  Piasa  creeks. 

The  topographic  character  of  the  area  is  of  importance  in  con- 
sidering the  availability  of  the  coal.  Deep  incision  by  streams  lowers 
the  drainage  lines  below  the  coal  beds  in  places,  making  possible  ex- 
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ploitation  of  the  beds  by  drifts  or  slopes,  where  otherwise  shafts  would 
be  required. 

The  district  is  well  supplied  with  railways,  but  these  are  not  of 
importance  in  the  exploitation  of  coal  in  this  area  because  under  pres- 
ent conditions,  very  little  coal  is  shipped  by  rail. 

STRATIGRAPHY 
Pre-Pennsylvanian  Formations 

Because  of  the  overlap  relation  of  the  Pennsylvanian  to  earlier 
fonnations,  the  rocks  beneath  the  Pennsylvanian  are  not  of  the  same 
age  over  all  parts  of  the  district.  In  the  northeastern  part  of  the 
district  in  Henry  County,  Niagaran  limestone  of  Silurian  age  under- 
lies the  Pennsylvanian  at  shallow  depth,  while  a  few  miles  farther 
west  it  is  replaced  by  the  younger  Devonian  beds.  Similarly,  in  cen- 
tral Mercer  County,  the  Devonian  base  gives  place  to  the  still  younger 
Mississippian  rocks  which  appear  to  underlie  the  Pennsylvanian  uni- 
form4y  throughout  the  rest  of  the  district,  even  in  the  structurally 
defonned  area  of  southern  Calhoun  County.  Sufficient  drilling  has 
not  been  done  to  demonstrate  the  precise  position  of  the  boundaries 
of  these  three  systems  of  rocks,  although  there  is  some  reason  for  be- 
lieving that  the  Devonian  rocks  underlie  the  Pennsylvanian  in  most  of 
Henry  County,  while  the  Mississippian  beds  form  the  base  throughout 
most  of  Mercer  County. 

Although  the  character  and  age  of  the  underlying  rocks  are  of  rel- 
atively small  importance  in  the  development  of  the  coal  resources  of 
this  district,  the  character  of  the  surface  on  which  the  Pennsylvanian 
beds  were  deposited  is  of  considerable  importance.  It  is  obvious  that 
the  determination  of  the  nature  of  this  surface  is  closely  bound  up 
with  the  identification  of  the  base  of  the  Pennsylvanian.  Because 
information  regarding  the  beds  of  the  lower  Pennsylvanian  is  derived 
entirely  from  records  of  drilling,  it  is  practically  impossible  to  use 
the  ordinary  criteria,  fossils  and  structural  relations,  to  separate  the 
Pennsylvanian  from  the  Mississippian  strata.  In  drilling,  it  is  custo- 
mary to  rely  on  the  identification  of  one  of  the  two  or  three  readily 
recognizable  strata  in  the  lower  formation.  Thus,  for  instance,  in 
Mercer  County  the  base  of  the  Pennsylvanian  is  placed  at  the  top  of 
the  first  prominent  limestone  penetrated,  although  it  is  obvious  that 
some  of  the  overlying  clastic  beds  with  thin  intercalated  limestones  may 
belong  to  the  Mississippian  and  yet  on  this  basis  be  classed  as  Penn- 
sylvanian. 
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Another  illustration  of  the  difficulty  encountered  in  fixing  the 
base  of  the  Pennsylvanian  formations  is  found  in  western  Henry 
County,  where  the  uppermost  Devonian  includes  100  feet  or  more  of 
black  shale  with  thin  limestone  or  sandstone  above  and  below  it,  and 
where  furthermore,  the  overlying  Pennsylvanian  in  many  places  is 
known  to  include  black  shale  of  considerable  thickness.  In  drilling, 
the  top  of  the  Devonian  is  commonly  placed  at  the  top  of  the 
thick  Devonian  limestone.  Thus,  one  record  in  northwestern  Henry 
County  records  Pennsylvanian  to  a  depth  of  more  than  GOO  feet,  in- 
cluding coal  at  depths  of  99,  238,  311,  354,  479,  522,  and  584  feet. 
Examination  of  this  unique  record  shows  that  below  the  uppermost 
coal  at  99  feet  are  a  few  feet  of  sandstone,  underlain  by  more  than 
100  feet  of  blue  shale,  which  is  in  turn  underlain  by  20  feet  of  lime- 
stone. Nowhere  else  in  this  region  is  such  a  sequence  recorded  in  the 
Pennsylvanian  system,  whereas  in  an  adjacent  area  to  the  w-est  may 
be  found  comparable  thicknesses  of  shale  and  limestone  belonging  to 

the  upper  Devonian.     A  correlation  of  this  part  of  the  record  as  the 

* 

Devonian  of  western  Rock  Island  County  is  therefore  suggested,  and 
on  this  basis  it  is  assumed  that  exceptionally  carbonaceous  shales  were 
reported  as  coal  at  the  lower  horizons. 

Less  conspicuous  and  less  readily  explained  discrepancies  regard- 
ing the  base  of  the  Pennsylvanian  are  abundant  in  records  of  deeper 
drilling  throughout  the  district,  and  have  caused  considerable  diffi- 
culty in  determining  the  base  of  the  Pennsylvanian.  It  should  be 
understood  therefore  that  all  statements  in  this  report  regardin;^  thick- 
nesses of  the  whole  Pennsylvanian,  or  of  the  basal  member,  and  re- 
garding the  character  of  the  pre- Pennsylvanian  surface  are  based  on 
a  somewhat  arbitrary  identification  of  beds  which  are  not  easily  recog- 
nized either  in  drill  records  or  from  samples  of  drill  cuttings. 

The  surface  of  pre- Pennsylvanian  rocks  appears  to  have  been 
subjected  to  erosive  processes  for  a  time  sufficient  to  permit  the  de- 
velopment of  a  ^airly  even  surface  throughout  the  district.  This  sur- 
face is  modified  by  local  upwarpings,  as  in  the  Colmar  region,  Mc- 
Donough  County,  and  is  also  in  i)laccs  incised  sufficiently  to  give 
rather  marked  roughness,  although  no  great  relief.  It  is  impossible 
at  the  present  time  to  draw  even  approximate  contours  on  this  whole 
surface,  but  its  character  for  smaller  areas  will  be  noted  in  the  county 
reports,  where  data  permit. 
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Pennsylvanian  System 

general  relations 

Rocks  of  Pennsylvanian  age  underlie  the  drift  throughout  the 
area  of  District  III,  except  for  small  linear  tracts  along  Illinois 
River,  Crooked  Creek,  and  McGees  Creek,  where  deep  erosion  has 
removed  them.  The  area  arbitrarily  placed  in  District  III  does  not 
comprise  a  geologic  unit,  as  the  beds  in  this  District  constitute  a  fringe 
on  the  main  coal  field  of  the  State.  Because  of  this  relationship,  the 
beds  have  certain  lithologic  characteristics  which  serve  to  cotitrast 
them  with  those  of  the  important  coal  beds  of  Districts  IV  and  VII 
on  the  east. 

In  general,  the  Pennsylvanian  beds  range  in  thickness  from  a 
feather  edge  on  the  west  to  more  than  250  feet  on  the  east  margin, 
beyond  which  Rushville  (No.  5)  and  Belleville  (No.  6)  coals  appear. 
Theoretically  at  least,  the  coals  in  District  III  extend  beyond  the  limit 
set  for  District  III,  but  lie  at  considerable  depths  below  the  surface. 
Insofar  as  this  actually  occurs,  District  III  and  the  districts  to  the 
east  coincide. 

Structurally,  the  Pennsylvanian  beds  are  essentially  flat,  having  a 
regional  dip  to  the  east  and  south  toward  the  center  of  the  main  coal 
basin,  which  lies  in  the  southeastern  part  of  the  State.  This  gentle 
inclination  is  interrupted  and  modified  by  minor  warps  and  folds 
visible  in  outcrops  and  mines  in  most  parts  of  the  district. 

Over  most  of  the  area  the  bed  rock  is  concealed  by  a  mantle  of 
drift  ranging  in  thickness  to  a  known  maximum  of  233  feet,  so  that 
the  determination  of  stratigraphic  relations,  structure,  and  coal  re- 
sources for  the  District  is  based  primarily  on  mine  examination  and 
scattered  drill  holes. 

The  Pennsylvanian  series  in  the  Illinois  basin  is  subdivided  into 
three  formations,  which  from  the  base  upward  are  called  the  Potts- 
ville,  Carbondale  and  McLeansboro.  Recognition  of  these  formations 
is  by  means  of  certain  fossils,  which  usually  appear  in  the  roof  shales 
of  Colchester  (No.  2)  coal  and  in  the  cap  limestone  of  Belleville  (No. 
6)  coal.  The  Carbondale,  or  middle  formation,  includes  Colchester 
coal  at  the  base  and  Belleville  at  the  top.  All  beds  above  Belleville 
coal  belong  in  the  McLeansboro  group,  and  all  below  Colchester  coal 
belong  in  the  Pottsville.  Inasmuch  as  by  definition  District  III  in- 
cludes the  area  in  which  Rock  Island  and  Colchester  coals  are  the 
principal  coals,  this  report  is  concerned  with  rocks  classed  as  Potts- 
ville and  lower  Carbondale,  the  eastern  margin  of  District  III  being 
placed  just  west  of  the  outcrop  of  Springfield  (No.  5)  coal.    In  places 
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this  boundary  can  be  accurately  mapped,  but  elsewhere,  due  to  the 
heavy  cover  of  drift,  it  can  only  be  approximated  and  changes  will 
doubtless  be  made  on  the  basis  of  future  drilling. 

CORRELATION 

As  stated  in  the  preceding  paragraphs,  the  correlation  of  the  beds 
within  the  Pennsylvanian  dej^ends  upon  the  presence  and  recognition 
of  Colchester  and  Belleville  coals.  It  is  clear  that  in  the  absence  of 
these  key  horizons  or  in  the  failure  of  recognition  of  them,  there  is 
ample  opportunity  for  miscorrelation. 

It  seems  \vcll  at  this  point  to  introduce  some  statements  regarding 
the  status  of  correlation  in  this  part  of  the  Illinois  field  so  that  the 
importance  of  critical  data  in  stratigraphic  work  may  be  clearly  indi- 
cated. 

The  Pottsville  formation  includes  the  basal  beds  of  the  Pennsyl- 
vanian up  to  the  bottom  of  Colchester  coal.^  Inasmuch  as  this  coal 
bed  has  only  a  limited  distribution  in  District  III  there  are  compara- 
tively large  areas  where  the  top  of  the  Pottsville  formation  can  not 
be  recognized.  Furthermore,  since  the  area  under  discussion  lies  at 
the  margin  of  the  Illinois  coal  field,  the  beds  exposed,  whether  of  early 
or  late  Pennsylvanian  age,  are  mainly  sandstone  and  sandy  shale  with 
little  or  no  coal,  the  whole  group  being  composed  of  notably  lenticular 
members  without  good  horizon  markers.  It  is  clear,  therefore,  that 
in  the  absence  of  the  key  bed,  Colchester  coal,  there  may  have  been 
included  within  the  beds  classed  as  Pottsville  an  indefinite  thickness 
of  strata  which  belong  to  younger  formations.  In  correlating  a  given 
coal  which  lies  in  this  marginal  area,  it  is  equally  clear  that  without 
the  key  stratum,  identification  must  be  made  arbitrarily,  and  should  be 
held  subject  to  later  stratigraphic  studies.  Because  of  the  wide  varia- 
tion in  the  roof  material  over  the  coals  of  this  district,  they  have  been 
correlated  mainly  on  the  basis  of  thickness,  the  thickest  coal  of  any 
section  having  been  considered  the  main  coal  of  that  general  region. 
In  view  of  the  lenticular  form  of  all  of  these  beds,  it  is  clear  that 
errors  may  have  been  made. 

In  considering  the  beds  classed  as  Carbondale,  precisely  the  same 
factors  of  error  must  be  considered.  Hence  it  is  fair  to  recognize  the 
possibility  or  probability  that  the  clastic  strata  of  this  age  closely  re- 
semble those  of  the  preceding  (Pottsville)  time  and  have  been  con- 

»DeWolf,  F.  W.,  Year  Book  for  1909,  111.  State  CJeol.  Survey  Bull.  16. 
p.  179,  1910.  (Although  there  has  been  some  tendency  to  include  the  floor 
clay  of  the  Colchester  No.  2  coal  with  the  Carbondale,  the  present  practice  of 
the  Survey  is  to  conform  to  the  original  definition  and  make  the  break  at  the 
precise  base  of  the  coal  bed.) 
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fused  with  them.  Similarly,  some  of  the  beds  classed  as  Carbondale 
belong  in  all  probability  to  the  following  stage,  the  McLeansboro. 

It  must  be  recognized,  therefore,  that  any  statement  made  in  this 
report  is  based  on  the  present  accepted  correlation,  which  may  be  in 
error  to  an  unknown  degree.  So  far  as  possible,  repetition  of  this 
problematical  error  will  be  eliminated  by  the  substitution  of  locality 
names  of  certain  beds  for  the  more  generally  used  names  and  num- 
bers. For  example,  the  coal  usually  classed  as  the  Pottsville  (No.  1) 
coal  of  the  northwestern  part  of  the  State  will  here  be  called  the  Rock 
Island  coal.  Similarly,  the  term  Rushville  coal  will  be  used  instead  of 
the  more  common  Springfield  (No.  5)  coal,  thus  avoiding  the  impli- 
cation that  this  is  identical  with  the  main  coal  of  the  Springfield- Peoria 
field. 

Recent  work  in  the  northwestern  part  of  the  State  has  suggested 
the  probability  that  some  of  the  thick  sandstones  in  that  area  which 
have  been  classed  as  Pottsville  should  be  placed  in  the  McLeansboro 
formation^. 

To  what  extent  the  massive  sandstones  which  characterize  the 
basal  Pennsylvanian  along  the  west  margin  of  the  field  may  occupy 
the  same  or  similar  position  in  the  stratigraphic  column  can  be  deter- 
mined only  on  the  basis  of  future  detailed  studies. 

POTTSVILLE  FORMATION 

The  beds  classed  as  Pottsville  are  mainly  sandstones  and  sandy 
shales,  frequently  conglomeratic  in  the  lower  part.  The  upper  portion 
in  places  shows  a  massive  phase  which  may  be  widespread.  Thin, 
and  in  most  places  lenticular,  beds  of  limestone  appear  (fig.  2),  but 
rarely  occur  in  a  section  sufficiently  large  to  justify  an  opinion  as  to 
their  stratigraphic  position. 

The  coal  beds  are  likewise  lenticular,  and  though  locally  reaching 
a  thickness  of  nearly  8  feet,  the  thicker  parts  are  confined  to  small 
areas.  In  parts  of  the  district,  the  workable  coal  lies  in  elongate  basins 
roughly  parallel  with  the  margin  of  the  field.  In  most  parts  of  the 
district  there  is  but  one  coal  worked,  although  one  or  more  thin  coal 
beds  are  present.  Locally  these  may  be  thick  enough  to  warrant  ex- 
ploitation. 

CARBONDALE  FORMATION 

Those  beds  lying  above  the  Pottsville  and  below  the  McLeans- 
boro formations  are  included  in  the  Carbondale  which  has  at  its  base 
the  Colchester  coal  and  at  its  top  the  Belleville  coal. 


'  Savage,    T.   E.,   and   Udden,   J.    A.,    Geology   and    mineral   resources   of   the 
Bdglngton  and  Milan  quadrangles:  111.  State  Geol.  Survey  Bull.  88,  p.  161,   1921. 
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The  beds  of  the  Carbondale  are  predommantly  clastic,  mainly 
shale,  although  including  minor  thicknesses  of  sandstone  (fig.  3)  and 
few  thin  limestones.  In  thickness,  the  series  ranges  from  a  few  feet 
in  the  western  part  of  the  district  to  about  175  feet  at  the  east  where 
the  protecting  cap  limestone  at  the  base  of  the  McLeansboro  appears. 
This   variation   is   prolrably   due  to  two   factors:     1)   differences    in 


Fin.  S.  Section  of  Pottsvllle  beds  Including 
thinly  beilded  Randstone  at  base,  overlain  by 
sliaie  locally  cartwnaceous,  topped  by  nodular 
limestone  which  Berves  locally  as  a  key  stratum 
in  Brown  County. 

original  thickness,  and  (2)  subsequent  erosion  of  beds  along  the  west- 
ern margin. 

The  coal  beds  o(  this  formation,  although  showing  a  somewhat 
irregular  distribution,  are  much  more  regular  in  their  development 
than  are  the  coal  beds  of  the  Pottsville.  Thus,  although  they  are  pres- 
ent over  larger  areas  without  break,  they  do  not  show  the  exceptional 
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thickness  which  is  exhibited  locally  by  the  Rock  Island  or  Greenfield 
beds.  The  Colchester  coal  is  usually  about  24  to  30  inches  thick  and 
IS  noted  for  its  uniformity  over  a  given  area.  The  Rushville  coal  is 
also  rather  uniform  in  thickness,  ranging  from  4  to  5J^  feet  where 
worked. 

The  Golden  Eagle  coal,  isolated  from  the  rest  of  the  district  by 
subsequent  erosion  of  the  connecting  strata,  has  commonly  been  in- 
cluded with  the  beds  of  the  Carbondale,  sometimes  as  Colchester  (No. 
2)  coal  and  frequently  as  Rushville  (No.  5}  coal. 


Via.  3.  Typical  section  of  Carbondale  strata  In  Adams  County.  Below 
the  16  Teet  of  till  lies  3  feet  of  sandHtone  which  grades  down  In  40  feet  to 
a  noD-grltty  shale  comprising  the  basal  20  feet. 

MCLEANSROHO  FORMATION 

Although  as  defined  originally  the  area  included  in  District  III 
did  not  include  any  beds  classed  as  McLeansboro,  later  work  by  mem- 
bers of  the  Survey  lias  served  to  show  that  in  parts  of  the  district 
there  are  strata  which  lie  distinctly  above  what  appears  to  be  the  Belle- 
ville coal,  the  top  of  the  Carlxindale  formation.  It  is  necessary,  there- 
fore, to  indicate  the  area  so  classed  and  note  briefly  the  character  of 
the  beds  of  this  formation. 

The  Mcl^ansboro  formation  comprises  more  evenly  developed 
strata  than  characterize  the  Carbondale  (fig.  4).  Except  at  the  west 
margin,  sandstones  are  relatively  few,  shales  are  thick,  but  in  places 
enclose  marine  limestones  which,  although  thin,  are  persistent  and 
wide-spread.  The  coal  beds,  on  the  other  hand,  are  less  common  than 
in  the  lower  formations,  and  with  a  few  possible  exceptions  are  of 
secondary  commercial  importance  because  of  their  thinness. 

The  area  underlain  by  these  beds  is  not  yet  clearly  defined.  They 
have  been  recognized,  however,  in  western  Rock  Island,  central  Mer- 
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cer,  and  northeastern  Adams  counties,  and  doubtfully  in  central  Mor- 
gan and  southern  Calhoun  counties. 

Stratigraphically  this  formation  is  of  importance  since  it  includes 
certain  marine  strata  which  can  be  recognized  readily.  Among  these 
are  the  cap  hmestone,  and  the  red  Rallsford  shales  over  the  Belleville 
coal,  and  in  the  east  central  part  of  the  district  the  Lonsdale  lime- 
stone.    In  the  southern  part  of  the  district  are  one  or  more  limestones 


Pig.  4.  Typical  section  of  McL^ansboro  strata  in  Mercer  County. 
Below  20  feet  of  drift,  partly  removed  at  right,  lie  6  feet  of  sbaly  saad- 
stone  and  30  feet  of  clean  shale  with  a  thin  carlionaceous  zone  at  the  base. 
Each  bed  shows  little  lateral  variation. 

which  can  be  traced  for  considerable  distances.  The  most  important 
of  these  are  the  Piasa  limestone,  named  from  Piasa  Creek  on  which 
it  is  most  excellently  exposed,  and  the  Golden  Eagle  limestone,  well 
known  in  Calhoun  County.  These  beds  are  of  considerable  value  in 
stratigraphic  work,  since  they  constitute  horizon  markers  which  can 
be  ]xisitivcly  identified  over  relatively  large  distances  or  areas. 

STRUCTURE 

Rel.vtion  to  General  Structure  of  Illinois 

Lying  at  the  edge  of  the  main  Illinois  coal  basin,  the  Pennsylva- 

nian  beds  of  District  III  show  a  slight  regional  dip  toward  the  central 

part  of  the  major  depression.     This  is  barely  perceptible  locally  but 

can  be  measured  ustially  across  a  distance  of  several  miles. 
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There  is  no  other  general  or  major  structure  which  affects  any 
large  portion  of  the  district,  and  the  regional  inclination  is  of  impor- 
tance only  in  stratigraphic  studies,  since  the  amount  of  dip  is  too  small 
to  be  a  factor  in  mining  problems. 

Minor  Structures 

Minor  structures  are  abundant.  These  include  small  faults,  low 
folds,  and  local  warps  of  the  strata  which  modify  and  conceal  the  major 
structure  locally  and  are  of  considerable  importance  in  mining.  Plans 
for  haulage  ways,  drainage  lines  and  other  general  features  of  a  mine 
layout  can  be  made  to  take  advantage  of  these  natural  conditions, 
which  if  disregarded,  may  be  a  source  of  much  trouble,  danger  and 
expense. 

Determination  of  structure  depends  upon  the  identification  of  some 
one  or  more  key  beds  occurring  in  a  region.  Since  there  is  no  one 
bed  or  group  of  beds  distributed  generally  over  the  area  included  in 
District  III  it  is  impossible,  with  present  data,  to  outline  the  structure 
as  a  whole.  In  several  separate  areas,  however,  one  or  more  key  beds 
are  identifiable,  and  the  major  features  of  local  structures  have  pre- 
viously been  worked  out  in  connection  with  detailed  quadrangle  sur- 
veys. These  studies  have  been  restricted  to  the  middle  portion  of  the 
district,  from  southern  Warren  County  to  northern  Schuyler  County. 

In  the  main,  these  structures  have  been  determined  with  reference 
to  the  Colchester  coal,  the  position  of  which  has  been  indicated  by  a 
series  of  contour  maps  published  for  each  area  separately^. 

Structural  studies  on  both  Pennsylvanian  and  Mississippian  strata, 
involving  the  relations  of  the  two  systems,  have  been  made  in  Greene, 
Jersey,  Madison  and  adjoining  counties  in  connection  with  oil  investi- 
gations made  by  the  Survey.  The  results  of  this  work,  now  being 
prepared  for  publication,  are  not  available  for  this  report,  and  the 
reader  is  referred  to  the  forthcoming  bulletin  for  details  of  structure 
in  that  portion  of  District  III. 

Details  of  the  other  structures,  where  related  to  the  matter  of 
coal  resources,  \v'\\\  be  noted  in  the  several  county  reports. 


■Hinds,  Henry,  U.  S.  Geol.  Survey  Atlas,  Colchester-Macomb  folio  (No. 
208).   1919. 

Savage,  T.  E.,  Geology  and  mineral  resources  of  the  Avon  and  Canton 
quadrangles:   111.  State   Geol.  Survey  Bull.   38,  p.   209,   1921. 

Savage,  T.  E.,  and  Nebel,  M.  L.,  Geology  and  mineral  resources  of  the  La- 
Harpe  and  Good  Hope  quadrangles:  111.  State  Geol.  Survey  Bull.  43,  p.  9,  1921. 
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CHEMICAL  CHARACTER  OF  THE  COAL  OF  DISTRICT  HI 

Detailed  reports*  on  the  chemical  character  of  Illinois  coals  have 
been  pubHshed  in  Bulletins  3  and  2TA  of  this  series,  and  in  Bulletin 
2\)  of  the  State  Geological  Survey  so  that  a  discussion  of  the  quality 
of  the  coals  in  this  district  is  not  necessary.  However,  for  conven- 
ience, tables  giving  analyses  for  individual  mines  (Table  2)  and  aver- 
age analyses  for  mines  and  counties  in  District  HI  (Table  3)  are 
here  given. 

A  very  brief  statement  of  the  meaning  of  each  of  the  several 
columns,  which  give  the  results  of  analyses  in  Tables  1  and  2,  will 
doubtless  be  of  service  in  rendering  these  results  more  intelligible,  and 
therefore  of  greater  usefulness  to  the  average  reader  unfamiliar  Avith 

the  technology  of  coal. 

In  the  "Proximate  Analysis'*  of  coal  no  attempt  is  made  to  determine 
the  chemical  elements  which  make  it  up,  but  the  constituents  are  resolved 
into  four  groups  known  as  volatile  matter,  fixed  carbon,  ash,  and  moisture. 
The  relative  percentages  of  these  are  given  in  Table  2  as  are  also  other 
features  such  as  the  heat  value,  amount  of  sulphur,  and  carbon  dioxide. 

A  recalculation  of  the  results  of  each  analysis  is  given  on  a  second  line 
to  show  the  relative  percentages  of  the  constituents  on  a  "dry"  basis.  Thus 
by  the  elimination  of  the  11.38  per  cent  moisture  by  calculation  in  analysis 
No.  12469,  the  38.66  per  cent  of  volatile  matter  becomes  43.62  per  cent  in  the 
"dry  coal." 

The  moisture  content  of  coal  though  unavoidable  is  detrimental.  Not 
only  does  the  water  displace  its  own  weight  of  combustible  matter,  but  in 
addition  it  absorbs  heat  when  the  coal  is  burned.  Obviously,  a  coal  of  low 
moisture  content  is  desirable. 

The  ash  in  coal  (chiefly  compounds  of  silica,  alumina,  lime,  and  iron, 
together  with  smaller  quantities  of  magnesia,  titanium,  and  alkali  com- 
pounds) is  another  harmful  constituent.  Not  only  does  it  displace  its  own 
weight  of  heat-forming  compounds,  and  decrease  the  efficiency  of  combustion 
Just  as  does  the  moisture,  but  in  addition  any  increase  in  ash  per- 
centage means  a  corresponding  increase  in  the  cost  of  handling  the  coal, 
by  making  both  freight  costs  and  costs  of  disposition  of  the  refuse  greater. 
Furthermore,  certain  types  of  ash  contain  such  high  percentages  of  iron 
and  alumina  that  they  fuse  easily  and  cause  clinkering  trouble  in  furnaces. 

The  "volatile  matter"  and'  "fixed  carbon"  columns  give  the  relative 
amounts  of  gaseous  and  solid  combustible  matter.  They  are  the  heat- 
producing  constituents.  For  domestic  use  a  low-volatile  coal  is  to  be 
preferred   because  the   ordinary  domestic  stoves   and   furnaces   are  capable 


*  Parr,  S.  W.,  A  chemical  study  of  Illinois  coals:  111.  Coal  Mining  Investiga- 
tions Bull.  3,  1916.  (Edition  exhausted.  Analyses  reprinted  in  111.  Mining  In- 
vestigations Bull.    27 A). 

Parr,  S.  W.,  Purchase  and  sale  of  Illinois  coal  under  specifications:  111. 
State  Geological  Survey  Bull.  29,  1914.  (Edition  exhausted.  Analysses  reprinted 
in  111.  Coal  Mining  Investigations  Bull.   27A). 

Hawley,  d.  W.,  Analyses  of  Illinois  coals:  111.  Coal  Mining  Investigations 
Bull.    27A,    1923. 
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Table  2. — Analyses  of  coal  samples  from  mines  in  District  III 
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Table  3. — Average  analyses  and   heat  values  for  separate  mines  and   for 

counties  in  District  III 

DISTRICT    NO.    3--FULTON  CO.,    NO.    1    COAL, 


Index 
number 
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Moisture 


11.21 
Dry 


Volatile 
matter 


38.41 
43.26 


Fixed 
carbon 


40.16 
45.23 


Ash 

10.20 
11.50 

Sulphur 

CO. 

4.96 
5.58 

.62 
.70 

B.  t.  u. 


"Unit 
coal" 


11466 
12914 


14950 


DISTRICT   NO.    3--MERCER   CO.,    NO.    1    COAL, 


— -                                      _ 

"  ~ 

' 

-*~-                       ~ 

17 

17.63 
Dry 

39.13 
47.51 

34.13 
41.44 

9.11 
11.05 

5.02 
6.09 

.70 
.85 

10R36 
12548 

14373 

18 

14.58 
Dry 

39.07 
45.74 

37.00 
43.31 

9.35 
10.95 

4.79 
5.61 

.21 
.25 

10880 
12737 

14640 

19 

14.52 
Dry 

39.26 
45.93 

36.32 
42.49 

9.90 
11.5b 

4.24 

4.96 

.68 
.80 

10809 
12645 

• 

14624 

Averagre 

15.58 
Dry 

39.17 
46.40 

35.80 
42.41 

9.45 
11.19 

4.69 
5.55 

.53 
.63 

10673 
12643 

14546 

DISTRICT  NO.  3-— Mcdonough  co.,  no.  2  coai. 


22 

17.40 
Dry 

213 

15.86 
Dry 

Average 

16.63 
Dry 

33.30 
40.31 

35.08 
41.69 


34 

41, 


19 

00 


41.47 
50.23 

40.27 

7.82 
9.48 

8.79 
10.45 

• 

8.31 
9.96 

2.02 
2.45 

3.86 
4.58 

2.94 
3.51 

.27 
.33 

47.85 

40.37 

49.04 

' 

10811 

13091 
10798 

14663 

12832 
10804 

14631 

12961 

14642 

DISTRICT  NO.   3— SCHUYLER  CO..  NO.   2  COAL 


42.06 

7.54 
8.62 

4.54 

48.11 

5.19 

11731 
13411 


14967 


of  Utilizing  only  a  small  proportion  of  the  volatile  matter.  However,  mod- 
ern steam-generating  appliances  such  as  are  used  industrially  are  so  con- 
structed as  to  take  care  of  the  gases  satisfactorily  and  either  low-  or  high- 
volatile  coal  can  be  used  with  equal  efficiency. 

Sulphur  is  present  generally  in  the  form  of  pyrite  (iron  sulphide). 
It  is  especially  deleterious  in  the  manufacture  of  coke  and  gas,  and  if  asso- 
ciated with  an  ash  of  high  lime  and  iron  content  it  may  help  to  cause 
clinkering.  Otherwise  it  is  not  particularly  harmful,  for  as  a  rule  it  dis- 
places a  negligible  amount  of  combustible  material,  and  has  some  virtue 
in  that  it  does  not  absorb  heat  as  do  water  and  ash,  but  produces  about  a 
third  as  much  heat  as  does  carbon. 

The  "B.t.u."  column  gives  the  calorific  (heat)  value  of  the  coal  In 
British  thermal  units  per  pound  of  coal.  This  value  indicates  the  heating 
power  of  the  coal  and  is  therefore  important  as  a  means  of  comparison  of 
different  coals.  In  the  calculation  of  this  figure,  account  is  taken  of  the  ash 
and  moisture  present,  as  well  as  of  the  combustible  matter. 
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"Unit  coal,"  on  the  contrary,  takes  account  only  of  the  pure  coal  sub- 
stance, free  from  ash,  moisture,  sulphur,  or  other  Impurities.  Since  the 
"pure  coal"  Is  essentially  the  same  for  any  single  mine  from  year  to  year, 
the  "unit-coal"  figure  will  remain  practically  unchanged;  the  "B.t.u."  figure, 
however,  will  vary  in  proportion  to  the  variations  from  place  to  place  in 
the  mine  in  the  amount  of  ash,  sulphur,  and  moisture  present,  and  therefore 
for  the  average  practical  user,  up-to-date  B.t.u.  values  will  afford  a  more 
satisfactory  means  of  comparison  of  the  coals  than  will  the  "unit-coal" 
values,  useful  though  they  may  be  for  certain  purposes. 


PART  II— COUNTY  REPORTS 

ADAMS  COUNTY 

General  Statement 

Adams  County  lies  in  the  extreme  west  margin  of  the  Pennsyl- 
vanian  basin,  and  has  but  a  thin  veneer  of  "Coal  Measures"  over  the 
Mississippian  strata  (PI.  I  B).  The  Pennsylvanian  is  found  mainly 
in  Ranges  5  and  (J  \V.  although  apparently  disconnected  patches  are 
found  farther  west  as  at  Mendon,  T.  1  N.,  R.  8  W.  The  system  is 
thin,  the  coal  of  irregular  development,  and  no  extensive  operations 
have  been  reported. 

Production  and  Mines 

The  reports  of  the  Department  of  Mines  and  Minerals  for  the 
last  few  years  have  shown  no  mines  operating  in  Adams  County,  either 
local  or  shipping.  Little  or  no  production  is  therefore  to  be  listed  for 
this  countv. 

Area  underlain  by  workable  coal 369  sq.  mi. 

Average  thickness    24  inches 

Amount   available   originally 838,720,000  tons 

Production,  year  ending  June  30,  1923 none 

Average  annual  production,  1919-1923 20  tons 

Total  i)roduction  recorded 464  tons 

Stratigraphy 

pleistocene  system 

The  Pleistocene  beds  are  not  as  thick  in  the  eastern  portion  of 
Adams  County  as  they  are  farther  north.  Records  of  borings  show 
thicknesses  ranging  from  10  to  85  feet.  These  materials  include  the 
usual  loess  at  the  top,  which  ranges  from  5  to  10  feet  in  thickness, 
with  yellow  or  blue  drift  clays  beneath.  The  differences  in  thickness 
of  the  drift  appear  to  be  referable  to  the  unevenness  of  the  earlier 
rock  surface.  The  thickness  of  the  loess  covering  is,  of  course,  greater 
to  the  west,  reaching  a  maximum  of  40  feet  on  the  bluffs  overlooking 
Mississippi  River. 


ADAMS    COUNTY  2 


PENNSYLVANIAN  SYSTEM 


The  Pennsylvanian  beds  do  not  outcrop  prominently,  althovigh 
along  certain  of  the  streams  exposures  are  fairly  abimdant.  Even 
though  some  portions  of  Adams  County  have  been  drilled  rather  ex- 
tensively in  oil  tests,  the  records  kept  for  the  Pennsylvanian  portion 
of  the  section  are  unsatisfactory,  and  therefore  little  information  is 
to  be  gained  from  most  of  the  records  of  the  borings.  Such  infor- 
mation as  is  available  shows  the  thickness  of  the  Pennsylvanian  to 
range  from  a  few  feet  to  more  than  140  feet.  Worthen  placed  the 
maximum  at  120  feet  for  the  whole  county.  Difficulty  of  recognizing 
the  base  of  the  Pennsylvanian  where  it  is  in  contact  with  some  of  the 
shales  of  the  Upper  Mississippian,  makes  it  impossible  to  fix  definitely 
the  thickness  of  the  "Coal  Measures".  The  figures  given  above  may 
therefore  be  increased  by  as  much  as  100  feet.  The  following  gen- 
eralized section  is  fairly  uniform  over  the  eastern  part  of  the  county: 

Generalized  Pennsylvanian  section  for  eastern  Adams  County 

Description  of  strata  Thickness 

Ft.         In. 

Limestone  and  underclay 4 

Shale,  blue  55 

Sandstone,  shaly  and  calcareous 11 

Limestone,  very  cherty 3 

Shale,  blue,  sandy  at  top 20 

Limestone    ( ?)    discontinuous 1 

Shale,  black  fissile,  "slate" 2 

Coal,  Colchester  (No.  2) 2 

Underclay  and  shale  12 

Limestone,  nodular   1  6 

Shale;   sandstone  series  with  several  discontinuous  conglomer- 
atic zones   21 

Shale,  blue  3 

Limestone,  black    1 

Sandstone,  platy  7 

Sandstone-shale  series   

Basal  part  white  sandstone 8 

Within  the  section  the  more  prominent  beds  include  a  limestone 
25  to  50  feet  above  the  top  of  Colchester  (No.  2)  coal,  the  coal  itself, 
the  nodular  limestone  10  to  15  feet  below  and  a  black  limestone  25  to 
35  feet  below  the  Colchester  coal. 

Worthen  records  the  presence  of  three  coal  beds  in  the  county  of 
which  the  middle  or  Colchester  bed  is  by  far  the  most  widespread. 
Examination  of  the  area  about  sec.  17,  T.  1  N.,  R.  G  W.,  in  which 
Worthen's  No.  3  was  reported,  has  not  revealed  such  coal,  and  it  is 
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possible  that  a  change  in  the  roof  material  over  the  Colchester  coal 
in  that  vicinity  led  him  to  mistake  the  bed  for  one  overlying  the  Col- 
chester. 

Coal  No.  1,  according  to  Worthen,  included  those  patches  of  coal 
occurring  along  the  west  margin  of  the  Pennsylvanian  area,  and  which 
were  unrelated  to  the  main  field.  Differences  in  roof  material,  as 
well  as  in  the  character  of  the  bed  itself,  led  him  to  consider  these 
as  the  outliers  of  a  Pottsville  coal.  This  may  be  their  true  relation, 
although  it  is  possible  that  they  may  be  either  Colchester  or  a  higher 
bed. 

The  Colchester  coal  is  fairly  uniform  in  its  development  w-ithin 
the  area  mapped  in  the  eastern  part  of  the  county.  It  has  been  re- 
moved by  erosion  along  major  streams  in  the  southeast  part  of  the 
county,  as  along  McGees  Creek  in  the  vicinity  of  Haselwood,  and 
along  the  creek  east  of  Richfield.  The  upland  area  is  apparently  uni- 
formly underlain  by  this  coal. 

Structure 

The  structure  of  the  Pennsylvanian  beds  can  be  determined  only 
on  the  basis  of  the  attitude  of  the  Colchester  coal,  the  attitude  of  which 
in  turn  depends  on  the  identification  of  this  bed  throughout  the  area. 
It  is  believed  that  the  section  which  includes  the  Colchester  coal  is  read- 
ily identifiable,  and  that  therefore  the  identification  of  this  coal  in  out- 
crops and  mines  is  probably  correct.  Its  identification  in  well 
records  is  obviously  less  secure.  On  this  basis,  however,  the  altitude 
of  the  top  of  the  Colchester  coal  ranges  from  about  600  to  680  feet. 
These  altitudes  vary  within  short  distances,  however,  and  if  any  gen- 
eral inclination  is  apparent,  it  is  to  the  north  and  east  at  a  very  low 
angle.  Earlier  studies^  in  T.  1  N.,  R.  5  W.  (Clayton  Twp.)  have 
suggested  a  doming  of  the  Pennsylvanian  in  the  east  central  part,  but 
sufficient  data  are  not  at  hand  to  show  the  relation  of  this  to  other 
minor  structures. 

Colciiksthr  (No  2)  Coal 

The  main  area  for  Colchester  coal  is  the  eastern  two  ranges  from 
the  north  county  line  to  the  vicinity  of  Richfield,  except  along  McGees 
Creek  where  erosion  has  removed  the  Pennsylvanian  strata.  A  typical 
section,  including  the  coal,  is  as  follows : 


*  Currier,    L.    W.,    (leoloKy    of    northeastern    Adams    County :     III.    State    Oeol. 
Survey  BuH.   43,  p.   308,   1922. 
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Typical  Pennsylvanian  section  including  Colchester  coal  in  Adamis  County 
Description  of  strata 


Shale,  light  gray 

Shale,  light  gray  calcareous,  with  abundant  Chonetes 

Limestone,  nodular,  light  gray  fossiliferous 

Shale,  light  to  medium  gray,  calcareous,  Chonetes  abundant. 

Shale,  medium  to  dark  gray 

Shale,  black  fissile  "slate" 

Coal,   soft  dull 

Sand,  argillaceous,  light  gray 

Limestone,  crystalline,  Mississippian 


Thicknesji 

Ft. 

In. 

1 

m    • 

1 

m     m 

•  • 

10 

1 

3 

•  • 

3 

•  • 

1 

1 

4 

5 

■   • 

The  roof  of  this  coal  is  commonly  of  gray  shale,  although  it  is 
locally  replaced  by  a  black  "slate",  as  in  the  above  section.  The  floor 
material  is  generally  unconsolidated,  mainly  clay,  which  is  locally  sandy. 

It  does  not  appear  probable  from  the  general  relations  of  the 
Pennsylvanian  beds  that  the  coal  of  this  region  will  ever  become  com- 
mercially important. 

Mendon  Coal 

There  is  a  small  area  in  the  vicinity  of  Mendon,  T.  1  N.,  R.  8  W., 
where  coal  has  been  stripped  to  a  limited  extent.  The  correlation  of 
this  bed  is  not  possible  on  present  data,  but  the  isolated  f>osition  of  the 
bed  with  reference  to  the  rest  of  the  Pennsylvanian  of  the  county 
suggests  that  it  is  to  be  classed  with  the  marginal  beds,  although  it 
may  belong  to  the  upper  rather  than  the  lower  part  of  the  Pennsyl- 
vanian system.  The  coal  shows  a  maximum  of  nearly  5  feet,  but 
probably  averages  about  48  inches.  The  area  underlain  by  this  bed 
is  thought  to  be  extremely  small,  but  because  of  the  favorable  thick- 
ness and  cover  it  is  considered  as  a  factor  in  the  resources  of  the 
county.     A  section  of  this  coal  is  given: 

Pennsylvanian  section  including  Mendon  coal  in  Adams  County 

Description  of  strata 


Coal,  dull,  weathered 

Bone  and  sulphur  

Coal,  dull  with  bright  bands,  lenses  of  sulphur 

Shale,  parting,  black  locally  sandy 

Coal,  dull,  harder   than  above 


Thickness 

Ft 

In. 

8 

2 

12 

2 

28 

Total    52 

The  roof  is  all  drift  where  known,  but  is  probably  the  usual  shale 
or  "slate"  locally.    The  floor  is  a  light  gray  clay  in  places,  but  is  mainly 
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Table  3. — Average  analyses  and  heat  values  for  separate  mines  and  for 

counties  in  District  III 

DISTRICT    NO.    3— BOLTON  CO.,    NO.    1    COAL 


Index 
number 


105 


Volatile 
matter 


Fixed 
carbon 


Ash 


B.  t.  u. 


38.41 
43.28 


40.16 
45.23 


10.20 
11.50 


"Unit 
coal" 


11466 
12914 


14950 


DISTRICT   NO.    3--MERCER   CO.,    NO.    1    COAL 


17 

17.63 
Dry 

39.13 
47.51 

34.13 
41.44 

9.11 
11.05 

5.02 
6.09 

.70 
.85 

10336 
12548 

14373 

18 

14.58 
Dry 

39.07 
45.74 

37.00 
43.31 

9.35 
10.95 

4.79 
5.61 

.21 
.25 

10880 
12737 

14640 

19 

14.52 
Dry 

39.26 
45.93 

36.32 
42.49 

9.90 
11.58 

4.24 

4.96 

.68 

.80 

10809 
12645 

• 

14624 

Averagre 

15.58 
Dry 

39.17 
46.40 

35.80 
42.41 

9.45 
11.19 

4.69 
6.55 

.53 
.63 

10673 
13643 

14M6 

DISTRICT  NO.  3— Mcdonough  co.,  no.  2  coal 


22 
213 
Average 


17.40 
Dry 

15.86 
Dry 

16.63 
Dry 


33.30 
40.31 

35.08 
41.60 

34.19 

41.00 


41.47 
50.23 

40.27 

7.82 
9.48 

8.79 
10.45 

8.31 
9.96 

2.02 
2.45 

3.86 
4.58 

2.94 
3.51 

.27 
.33 

47.85 

40.37 

1 

49.04 

1 

10811 

13091 
10796 

14663 

12833 
10801 

146S1 

12961 

1464S 

DISTRICT  NO.   3— SCHUYLER  CO..  NO.   2  COAL 


42.08 

7.54 
8.62 

4.54    

48.11 

5.19    

11731 
13411 


14967 


of  utilizing  only  a  small  proportion  of  the  volatile  matter.  However,  mod- 
ern steam-generating  appliances  such  as  are  used  industrially  are  so  con- 
structed as  to  take  care  of  the  gases  satisfactorily  and  either  low-  or  high- 
volatile  coal  can  be  used  with  equal  efficiency. 

Sulphur  is  present  generally  in  the  form  of  pyrite  (iron  sulphide). 
It  is  especially  deleterious  in  the  manufacture  of  coke  and  gas,  and  if  asso- 
ciated with  an  ash  of  high  lime  and  iron  content  it  may  help  to  cause 
clinkering.  Otherwise  it  is  not  particularly  harmful,  for  as  a  rule  it  dis- 
places a  negligible  amount  of  combustible  material,  and  has  some  virtue 
in  that  it  does  not  absorb  heat  as  do  water  and  ash,  but  produces  about  a 
third  as  much  heat  as  does  carbon. 

The  "B.t.u."  column  gives  the  calorific  (heat)  value  of  the  coal  in 
British  thermal  units  per  pound  of  coal.  This  value  indicates  the  heating 
power  of  the  coal  and  is  therefore  important  as  a  means  of  comparison  of 
different  coals.  In  the  calculation  of  this  figure,  account  is  taken  of  the  ash 
and  moisture  present,  as  well  as  of  the  combustible  matter. 
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"Unit  coal,"  on  the  contrary,  takes  account  only  of  the  pure  coal  sub- 
stance, free  from  ash,  moisture,  sulphur,  or  other  impurities.  Since  the 
*'pure  coal"  is  essentially  the  same  for  any  single  mine  from  year  to  year, 
the  "unit-coal"  figure  will  remain  practically  unchanged;  the  "B.t.u."  figure, 
however,  will  vary  in  proportion  to  the  variations  from  place  to  place  in 
the  mine  in  the  amount  of  ash,  sulphur,  and  moisture  present,  and  therefore 
for  the  average  practical  user,  up-to-date  B.t.u.  values  will  afford  a  more 
satisfactory  means  of  comparison  of  the  coals  than  will  the  "unit-coal" 
values,  useful  though  they  may  be  for  certain  purposes. 


PART  II— COUNTY  REPORTS 

ADAMS  COUNTY 

General  Statement 

Adams  County  lies  in  the  extreme  west  margin  of  the  Pennsyl- 
vanian  basin,  and  has  but  a  thin  veneer  of  "Coal  Measures"  over  the 
Mississippian  strata  (Fl.  I  B).  The  Pennsylvanian  is  found  mainly 
in  Ranges  5  and  (>  \V.  although  apparently  disconnected  patches  are 
found  farther  west  as  at  Mendon,  T.  1  N.,  R.  8  W.  The  system  is 
thin,  the  coal  of  irregular  development,  and  no  extensive  operations 
have  been  reported. 

Production  and  Mines 

The  reports  of  the  Department  of  Mines  and  ^Minerals  for  the 
last  few  years  have  shown  no  mines  operating  in  Adams  County,  either 
local  or  shipping.  Little  or  no  production  is  therefore  to  be  listed  for 
this  county. 

Area  underlain  by  workable  coal 369  sq.  mi. 

Average  thickness    24  inches 

Amount   available   originally 8:58,720,000  tons 

Production,  year  ending  June  30,  1923 none 

Average  annual  production,  1919-1923 20  tons 

Total  production  recorded 464  tons 

Stratigraphy 

pleistocene  system 

The  Pleistocene  beds  are  not  as  thick  in  the  eastern  portion  of 
Adams  County  as  they  are  farther  north.  Records  of  borings  show 
thicknesses  ranging  from  10  to  85  feet.  These  materials  include  the 
usual  loess  at  the  top,  which  ranges  from  5  to  10  feet  in  thickness, 
with  yellow  or  blue  drift  clays  beneath.  The  differences  in  thickness 
of  the  drift  appear  to  be  referable  to  the  unevenness  of  the  earlier 
rock  surface.  The  thickness  of  the  loess  covering  is,  of  course,  greater 
to  the  west,  reaching  a  maximum  of  40  feet  on  the  bluffs  overlooking 
Mississippi  River. 

(2(5) 
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PENNSYLVANIAN  SYSTEM 

The  Pennsylvanian  beds  do  not  outcrop  prominently,  although 
along  certain  of  the  streams  exposures  are  fairly  abundant.  Even 
though  some  portions  of  Adams  County  have  been  drilled  rather  ex- 
tensively in  oil  tests,  the  records  kept  for  the  Pennsylvanian  portion 
of  the  section  are  unsatisfactory,  and  therefore  little  information  is 
to  be  gained  from  most  of  the  records  of  the  borings.  Such  infor- 
mation as  is  available  shows  the  thickness  of  the  Pennsylvanian  to 
range  from  a  few  feet  to  more  than  140  feet.  Worthen  placed  the 
maximum  at  120  feet  for  the  whole  county.  Difficulty  of  recognizing 
the  base  of  the  Pennsylvanian  where  it  is  in  contact  with  some  of  the 
shales  of  the  Upper  Mississii)pian,  makes  it  impossible  to  fix  definitely 
the  thickness  of  the  "Coal  Measures".  The  figures  given  above  may 
therefore  be  increased  by  as  much  as  100  feet.  The  following  gen- 
eralized section  is  fairly  uniform  over  the  eastern  part  of  the  county : 

Generalized  Pennsylvanian  section  for  eastern  Adams  County 

Description  of  strata  Thickness 

Ft.         In. 

Limestone  and  underclay 4 

Shale,  blue  55 

Sandstone,  shaly  and  calcareous 11 

Limestone,  very  cherty 3 

Shale,  blue,  sandy  at  top 20 

Limestone    ( ?)    discontinuous 1 

Shale,  black  fissile,  "slate" 2 

Coal,  Colchester  (No.  2) 2 

Underclay  and  shale  12 

Limestone,  nodular   1  6 

Shale;   sandstone  series  with  several  discontinuous  conglomer- 
atic zones   21 

Shale,  blue  3 

Limestone,  black    1 

Sandstone,  platy 7 

Sandstone-shale  series    

Basal  part  white  sandstone 8 

Within  the  section  the  more  prominent  beds  include  a  limestone 
25  to  50  feet  above  the  top  of  Colchester  (No.  2)  coal,  the  coal  itself, 
the  nodular  limestone  10  to  15  feet  below  and  a  black  limestone  25  to 
35  feet  below  the  Colchester  coal. 

Worthen  records  the  presence  of  three  coal  beds  in  the  county  of 
which  the  middle  or  Colchester  bed  is  by  far  the  most  widespread. 
Examination  of  the  area  about  sec.  17,  T.  1  N.,  R.  G  W.,  in  which 
Worthen's  No.  3  was  reported,  has  not  revealed  such  coal,  and  it  is 
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possible  that  a  change  in  the  roof  material  over  the  Colchester  coal 
in  that  vicinity  led  him  to  mistake  the  bed  for  one  overlying  the  Col- 
chester. 

Coal  No.  1,  according  to  Worthen,  included  those  patches  of  coal 
occurring  along  the  west  margin  of  the  Pennsylvanian  area,  and  which 
were  unrelated  to  the  main  field.  DifTerences  in  roof  material,  as 
well  as  in  the  character  of  the  bed  itself,  led  him  to  consider  these 
as  the  outliers  of  a  Pottsville  coal.  This  may  be  their  true  relation, 
although  it  is  possible  that  they  may  be  either  Colchester  or  a  higher 
bed. 

The  Colchester  coal  is  fairly  uniform  in  its  development  within 
the  area  mapped  in  the  eastern  part  of  the  county.  It  has  been  re- 
moved by  erosion  along  major  streams  in  the  southeast  part  of  the 
county,  as  along  McGees  Creek  in  the  vicinity  of  Haselwood,  and 
along  the  creek  east  of  Richfield.  The  upland  area  is  apparently  uni- 
formly underlain  by  this  coal. 

Structure 

The  structure  of  the  Pennsylvanian  beds  can  be  determined  only 
on  the  basis  of  the  attitude  of  the  Colchester  coal,  the  attitude  of  which 
in  turn  depends  on  the  identification  of  this  bed  throughout  the  area. 
It  is  believed  that  the  section  which  includes  the  Colchester  coal  is  read- 
ily identifiable,  and  that  therefore  the  identification  of  this  coal  in  out- 
crops and  mines  is  probably  correct.  Its  identification  in  well 
records  is  obviously  less  secure.  On  this  basis,  however,  the  altitude 
of  the  top  of  the  Colchester  coal  ranges  from  about  600  to  680  feet. 
These  altitudes  vary  within  short  distances,  however,  and  if  any  gen- 
eral inclination  is  apparent,  it  is  to  the  north  and  east  at  a  very  low 
angle.  Earlier  studies'^  in  T.  1  N.,  R.  5  W.  (Clayton  Twp.)  have 
suggested  a  doming  of  the  Pennsylvanian  in  the  east  central  part,  but 
sufficient  data  are  not  at  hand  to  show  the  relation  of  this  to  other 
minor  structures. 

COLCIIKSTER    (No  2)    COAL 

The  main  area  for  Colchester  coal  is  the  eastern  two  ranges  from 
the  north  county  line  to  the  vicinity  of  Richfield,  except  along  McGees 
Creek  where  erosion  has  removed  the  Pennsylvanian  strata.  A  typical 
section,  including  the  coal,  is  as  follows: 


'^  Currier,    L.    W.,    (leolopy    of   northeastern    Adams    County :     111.    Stato    Geol. 
Survey  Bull.   43,   p.   308,   1922. 
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Typical  Pennsylvanian  section  including  Colchester  coal  in  Adams  County 
Description  of  strata 


Shale,  light  gray 

Shale,  light  gray  calcareous,  with  abundant  Chonetes 

Limestone,  nodular,  light  gray  fossilif erous 

Shale,  light  to  medium  gray,  calcareous,  Chonetes  abundant. 

Shale,  medium  to  dark  gray 

Shale,  black  fissile  "slate" 

Coal,   soft  dull 

Sand,  argillaceous,  light  gray 

Limestone,  crystalline,  Mississippian 


Thickness 

Ft. 

In. 

1 

•  • 

1 

•  • 

•  « 

10 

1 

3 

•  • 

3 

«  « 

1 

1 

4 

5 

•   • 

The  roof  of  this  coal  is  commonly  of  gray  shale,  although  it  is 
locally  replaced  by  a  black  "slate",  as  in  the  above  section.  The  floor 
material  is  generally  unconsolidated,  mainly  clay,  which  is  locally  sandy. 

It  does  not  appear  probable  from  the  general  relations  of  the 
Pennsylvanian  beds  that  the  coal  of  this  region  will  ever  become  com- 
mercially important. 

Mendon  Coal 

There  is  a  small  area  in  the  vicinity  of  Mendon,  T.  1  N.,  R.  8  W., 
where  coal  has  been  stripped  to  a  limited  extent.  The  correlation  of 
this  bed  is  not  possible  on  present  data,  but  the  isolated  position  of  the 
bed  with  reference  to  the  rest  of  the  Pennsylvanian  of  the  county 
suggests  that  it  is  to  be  classed  with  the  marginal  beds,  although  it 
may  belong  to  the  upper  rather  than  the  lower  part  of  the  Pennsyl- 
vanian system.  The  coal  shows  a  maximum  of  nearly  5  feet,  but 
probably  averages  about  48  inches.  The  area  underlain  by  this  bed 
is  thought  to  be  extremely  small,  but  because  of  the  favorable  thick- 
ness and  cover  it  is  considered  as  a  factor  in  the  resources  of  the 
county.     A  section  of  this  coal  is  given: 

Pennsylvanian  section  including  Mendon  coal  in  Adams  County 

Description  of  strata 


Coal,  dull,  weathered 

Bone  and  sulphur  

Coal,  dull  with  bright  bands,  lenses  of  sulphur 

Shale,  parting,  black  locally  sandy , 

Coal,  dull,  harder  than  above 


Thickness 

Ft. 

In. 

8 

2 

12 

2 

28 

Total    52 

The  roof  is  all  drift  where  known,  but  is  probably  the  usual  shale 
or  "slate"  locally.    The  floor  is  a  light  gray  clay  in  places,  but  is  mainly 
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Table  3. — Average  analyses  and   heat  values  for  separate  mines  and   for 

counties  in  District  III 

DISTRICT    NO.    3--BTJLTON  CO.,   NO.    1    COAL 


Index    Moisture    Volatile 
number  ™^**^"^*^     matter 


105 


11.21 
Drj' 


38.41 
43.26 


Fixed 
carbon 


40.16 
45.23 


Ash      ,  Sulphuri     COa 


B.  t.  u. 


"Unit 
coal" 


10.20 
11.50 


4.96 

5.58 


.62 
.70 


11466 
12914 


14050 


DISTRICT   NO.    3— MERCER   CO.,    NO.    1    COAL 


~ 

' 

17 

17.63 
Dry   1 

39.13 
47.51 

34.13 
41.44 

9.11 
11.05 

5.02 
6.09 

.70 
.85 

18 

14.58  ' 
Dry    1 

1 

39.07 
45.74 

37.00 
43.31 

9.35 
10.95 

4.79 
5.61 

.21 
.25 

19 

14.52  1 
Dry 

39.26 
45.93 

36.32 
42.49 

9.90 
11.58 

4.24 

4.96 

.68 

.80 

Average 

15.58 
Dry 

1 

39.17 
46.40 

35.80 
42.41 

9.45 
11.19 

4.69 
5.55 

.53 
.63 

10336 
12549 

10880 
12737 

10809 
12645 

10673 
12643 


14373 
14640 
i4634 
i4546 


DISTRICT  NO.  3— Mcdonough  co.,  no.  2  coal 


22 

17.40 
Dry 

213 

15.86 
Dry 

Averagre 

16.63 
Dry 

33.30 
40.31 

35.08 
41.69 

34.19 
41.00 


41.47 
50.23 

7.82 
9.48 

2.02 
2.45 

40.27 
47.85 

8.79 
10.45 

3.86 
4.58 

40.37 
49.04 

8.31 
9.96 

2.94 
3.51 

.27 
.33 


10811 

13091 
107B8 

1466:^ 

12832 

10804 

14631 

12961 

14643 

DISTRICT  NO.   3— SCHUYLER  CO..  NO.   2  COAL 


214 


14.53 
Dry 


37.83 
43.26 


42.08 

7.54 
8.62 

4.54 
5.19 

48.11 

11731 
13411 


14967 


of  Utilizing  only  a  small  proportion  of  the  volatile  matter.  However,  mod- 
ern steam-generating  appliances  such  as  are  used  industrially  are  so  con- 
structed as  to  take  care  of  the  gases  satisfactorily  and  either  low-  or  high- 
volatile  coal  can  he  used  with  equal  efficiency. 

Sulphur  is  present  generally  in  the  form  of  pyrite  (iron  sulphide). 
It  is  especially  deleterious  in  the  manufacture  of  coke  and  gas,  and  if  asso- 
ciated with  an  ash  of  high  lime  and  iron  content  it  may  help  to  cause 
clinkering.  Otherwise  it  is  not  particularly  harmful,  for  as  a  rule  it  dis- 
places a  negligihle  amount  of  combustible  material,  and  has  some  virtue 
in  that  it  does  not  absorb  heat  as  do  water  and  ash,  but  produces  about  a 
third  as  much  heat  as  does  carbon. 

The  "B.t.u."  column  gives  the  calorific  (heat)  value  of  the  coal  In 
British  thermal  units  per  pound  of  coal.  This  value  indicates  the  heating 
power  of  the  coal  and  is  therefore  important  as  a  means  of  comparison  of 
different  coals.  In  the  calculation  of  this  figure,  account  Is  taken  of  the  ash 
and  moisture  present,  as  well  as  of  the  combustible  matter. 
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"Unit  coal,"  on  the  contrary,  takes  account  only  of  the  pure  coal  sub- 
stance, free  from  ash,  moisture,  sulphur,  or  other  impurities.  Since  the 
**pure  coal"  is  essentially  the  same  for  any  single  mine  from  year  to  year, 
the  "unit-coal"  figure  will  remain  practically  unchanged;  the  "B.t.u."  figure, 
bowever,  will  vary  in  proportion  to  the  variations  from  place  to  place  in 
the  mine  in  the  amount  of  ash,  sulphur,  and  moisture  present,  and  therefore 
for  the  average  practical  user,  up-to-date  B.t.u.  values  will  afford  a  more 
satisfactory  means  of  comparison  of  the  coals  than  will  the  "unit-coal" 
values,  useful  though  they  may  be  for  certain  purposes. 


PART  II— COUNTY  REPORTS 

ADAMS  COUNTY 

General  Statement 

Adams  County  lies  in  the  extreme  west  margin  of  the  Pennsyl- 
vanian  hasin.  and  has  but  a  thin  veneer  of  "Coal  Measures"  over  the 
Mississippian  strata  (PI.  I  R).  The  Pennsylvanian  is  found  mainly 
in  Ranges  5  and  0  \\.  although  apparently  disconnected  patches  are 
found  farther  west  as  at  Mendon,  T.  1  N.,  R.  8  \V.  The  system  is 
thin,  the  coal  of  irregular  development,  and  no  extensive  operations 
have  been  reported. 

Production  and  Mines 

The  reports  of  the  Department  of  Mines  and  Minerals  for  the 
last  few  years  have  shown  no  mines  operating  in  Adams  County,  either 
local  or  shipping.  I-ittle  or  no  production  is  therefore  to  be  listed  for 
this  county. 

Area  underlain  by  workable  coal 369  sq.  mi. 

Average  thickness    24  Inches 

Amount   available   originally 838,720,000  tons 

Production,  year  ending  June  30,  1923 none 

Average  annual  production,  1919-1923 20  tons 

Total  production  recorded 464  tons 

Stratigraphy 

pleistocene  system 

The  Pleistocene  beds  are  not  as  thick  in  the  eastern  portion  of 
Adams  County  as  they  are  farther  north.  Records  of  borings  show 
thicknesses  ranging  from  10  to  85  feet.  These  materials  include  the 
usual  loess  at  the  top,  which  ranges  from  5  to  10  feet  in  thickness, 
with  yellow  or  blue  drift  clays  beneath.  The  differences  in  thickness 
of  the  drift  appear  to  be  referable  to  the  unevenness  of  the  earlier 
rock  surface.  The  thickness  of  the  loess  covering  is,  of  course,  greater 
to  the  west,  reaching  a  maximum  of  40  feet  on  the  bluffs  overlooking 
Mississippi  River. 

(2(i) 


ADAMS    COUNTY  27 

PENNSYLVANIAN  SYSTEM 

The  Pennsylvanian  beds  do  not  outcrop  prominently,  although 
along  certain  of  the  streams  exposures  are  fairly  abundant.  Even 
though  some  portions  of  Adams  County  have  been  drilled  rather  ex- 
tensively in  oil  tests,  the  records  kept  for  the  Pennsylvanian  portion 
of  the  section  are  unsatisfactory,  and  therefore  little  information  is 
to  be  gained  from  most  of  the  records  of  the  borings.  Such  infor- 
mation as  is  available  shows  the  thickness  of  the  Pennsylvanian  to 
range  from  a  few  feet  to  more  than  140  feet.  Worthen  placed  the 
maximum  at  120  feet  for  the  whole  county.  Difficulty  of  recognizing 
the  base  of  the  Pennsylvanian  where  it  is  in  contact  w^ith  some  of  the 
shales  of  the  Upper  Mississippian,  makes  it  impossible  to  fix  definitely 
the  thickness  of  the  "Coal  Measures".  The  figures  given  above  may 
therefore  be  increased  by  as  much  as  100  feet.  The  following  gen- 
eralized section  is  fairly  uniform  over  the  eastern  part  of  the  county: 

Generalized  Pennsylvanian  section  for  eastern  Adams  County 

Description  of  strata  Thickness 

Ft.         In. 

Limestone  and  underclay 4 

Shale,  blue  55 

Sandstone,  shaly  and  calcareous 11 

Limestone,  very  cherty 3 

Shale,  blue,  sandy  at  top 20 

Limestone    (?)    discontinuous 1 

Shale,  black  fissile,  "slate" 2 

Coal,  Colchester  (No.  2) 2 

Underclay  and  shale  12 

Limestone,  nodular   1  6 

Shale;   sandstone  series  with  several  discontinuous  conglomer- 
atic zones   21 

Shale,  blue  3 

Limestone,  black   1 

Sandstone,  platy  7 

Sandstone-shale  series   

Basal  part  white  sandstone 8 

Within  the  section  the  more  prominent  beds  include  a  limestone 
25  to  50  feet  above  the  top  of  Colchester  (No.  2)  coal,  the  coal  itself, 
the  nodular  limestone  10  to  15  feet  below  and  a  black  limestone  25  to 
35  feet  below  the  Colchester  coal. 

Worthen  records  the  presence  of  three  coal  beds  in  the  county  of 
which  the  middle  or  Colchester  bed  is  by  far  the  most  widespread. 
Examination  of  the  area  about  sec.  17,  T.  1  N.,  R.  G  W.,  in  which 
Worthen's  No.  3  was  reported,  has  not  revealed  such  coal,  and  it  is 
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possible  that  a  change  in  the  roof  material  over  the  Colchester  coal 
in  that  vicinity  led  him  to  mistake  the  bed  for  one  overlying  the  Col- 
chester. 

Coal  No.  1,  according  to  Worthen,  included  those  patches  of  coal 
occurring  along  the  west  margin  of  the  Pennsylvanian  area,  and  which 
were  unrelated  to  the  main  field.  Differences  in  roof  material,  as 
well  as  in  the  character  of  the  bed  itself,  led  him  to  consider  these 
as  the  outliers  of  a  Pottsville  coal.  This  may  be  their  true  relation, 
although  it  is  possible  that  they  may  be  either  Colchester  or  a  higher 
bed. 

The  Colchester  coal  is  fairly  uniform  in  its  development  w^ithin 
the  area  mapped  in  the  eastern  part  of  the  county.  It  has  been  re- 
moved by  erosion  along  major  streams  in  the  southeast  part  of  the 
county,  as  along  McGees  Creek  in  the  vicinity  of  Haselwood,  and 
along  the  creek  east  of  Richfield.  The  upland  area  is  apparently  uni- 
formly underlain  by  this  coal. 

Structure 

The  structure  of  the  Pennsylvanian  beds  can  be  determined  only 
on  the  basis  of  the  attitude  of  the  Colchester  coal,  the  attitude  of  which 
in  turn  depends  on  the  identification  of  this  bed  throughout  the  area. 
It  is  believed  that  the  section  which  includes  the  Colchester  coal  is  read- 
ily identifiable,  and  that  therefore  the  identification  of  this  coal  in  out- 
crops and  mines  is  probably  correct.  Its  identification  in  well 
records  is  obviously  less  secure.  On  this  basis,  however,  the  altitude 
of  the  top  of  the  Colchester  coal  ranges  from  about  600  to  680  feet. 
These  altitudes  vary  within  short  distances,  however,  and  if  any  gen- 
eral inclination  is  apparent,  it  is  to  the  north  and  east  at  a  very  low- 
angle.  Earlier  studies^  in  T.  1  N.,  R.  5  W.  (Clayton  Twp.)  have 
suggested  a  doming  of  the  Pennsylvanian  in  the  east  central  part,  but 
sufficient  data  are  not  at  hand  to  show  the  relation  of  this  to  other 
minor  structures. 

Colchester  (No  2)  Coal 

The  main  area  for  Colchester  coal  is  the  eastern  two  ranges  from 
the  north  county  line  to  the  vicinity  of  Richfield,  except  along  McGees 
Creek  where  erosion  has  removed  the  Pennsylvanian  strata.  A  typical 
section,  including  the  coal,  is  as  follows : 


*  Currier,    L.    W.,    (leology    of   northeastern    Adams    County:     111.    State    Geol. 
Survey  Bull.   43,  p.   308,   1922. 
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Typical  Pennsylvanian  section  including  Colchester  coal  in  Ada/ms  County 

Description  of  strata  Thickness 

Ft.         In. 

Shale,  light  gray 1 

Shale,  light  gray  calcareous,  with  abundant  Chonetes 1 

Limestone,  nodular,  light  gray  fossiliferous 10 

Shale,  light  to  medium  gray,  calcareous,  Chonetes  abundant . .         1  3 

Shale,  medium  to  dark  gray 3 

Shale,  black  fissile  "slate" 1 

Coal,   soft   dull 1  4 

Sand,  argillaceous,  light  gray 5 

Limestone,  crystalline,  Mississippian 

The  roof  of  this  coal  is  commonly  of  gray  shale,  although  it  is 
locally  replaced  by  a  black  "slate",  as  in  the  above  section.  The  floor 
material  is  generally  unconsolidated,  mainly  clay,  which  is  locally  sandy. 

It  does  not  appear  probable  from  the  general  relations  of  the 
Pennsylvanian  beds  that  the  coal  of  this  region  will  ever  become  com- 
mercially important. 

Mendon  Coal 

There  is  a  small  area  in  the  vicinity  of  Mendon,  T.  1  N.,  R.  8  W., 
where  coal  has  been  stripped  to  a  limited  extent.  The  correlation  of 
this  bed  is  not  possible  on  present  data,  but  the  isolated  position  of  the 
bed  with  reference  to  the  rest  of  the  Pennsylvanian  of  the  county 
suggests  that  it  is  to  be  classed  with  the  marginal  beds,  although  it 
may  belong  to  the  upper  rather  than  the  lower  part  of  the  Pennsyl- 
vanian system.  The  coal  shows  a  maximum  of  nearly  5  feet,  but 
probably  averages  about  48  inches.  The  area  underlain  by  this  bed 
is  thought  to  be  extremely  small,  but  because  of  the  favorable  thick- 
ness and  cover  it  is  considered  as  a  factor  in  the  resources  of  the 
county.     A  section  of  this  coal  is  given: 

Pennsylvanian  section  including  Mendon  coal  in  Adams  County 

Description  of  strata  Thickness 

Ft,  In. 

Coal,  dull,  weathered 8 

Bone  and  sulphur 2 

Coal,  dull  with  bright  bands,  lenses  of  sulphur 12 

Shale,  parting,  black  locally  sandy 2 

Coal,  dull,  harder  than  above 28 

Total    52 

The  roof  is  all  drift  where  known,  but  is  probably  the  usual  shale 
or  "slate"  locally.    The  floor  is  a  light  gray  clay  in  places,  but  is  mainly 
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sandstone.  These  features  indicate  that  this  bed  was  deposited  near 
the  margin  of  the  area  of  coal  fonnation,  and  bear  out  the  suggestion 
that  it  is  an  original  outlier  of  the  main  coal  field. 

BROWN  COUNTY 

General  Statement 

Brown  County  lies  near  the  west  margin  of  the  coal  basin,  and  in 
its  general  geology  closely  resembles  Schuyler  County  to  the  north — 
that  is,  the  beds  of  the  Pennsylvanian  are  thick  at  the  east  margin 
of  the  county,  but  thinner  in  the  west,  apjiearing  to  overlap  the  Missis- 
sippian  limestones  over  most  of  the  county.  They  have  been  elimi- 
nated entirely  along  McGees  Creek  in  the  southern  part  of  the  county, 
and  along  Crooked  Creek  in  the  northern  part  (PI.  IB). 

Production  and  Mines 

Very  little  mining  has  been  done  in  the  county,  most  of  it  in  the 
vicinity  of  Damon,  IVIt.  Sterling,  and  Ripley.  The  report  of  the  De- 
partment of  Mines  and  Minerals  for  1923  lists  but  one  mine,  produc- 
ing a  total  of  150  tons.  The  report  for  1920  gave  six  local  mines, 
producing  a  total  of  over  3,000  tons. 

Area    underlain   by   workable    coal 182  sq.  mi. 

Average  thickness 24  Inches 

Amount  available  originally    412,820,000  tons 

Production,  year  ending  June  30,  1923 150  tons 

Average  annual  production,  1919-1923   4,668  tons 

Total  production  recorded   26.489  tons 

Stratigraphy 

pleistocene  system 

The  Pleistocene  is  not  exceptionally  thick  over  the  county,  as  it 
averages  about  30  or  40  feet.  Locally,  on  account  of  irregularities  in  the 
bed  rock  surface,  it  reaches  a  maximum  of  120  feet.  These  beds  are 
mainly  drift,  boulder  clay,  with  some  sand  and  gravel,  capped  in  most 
places  by  the  unconsolidated  loess.  Along  McGees  and  Crooked  creeks 
and  Illinois  River,  the  alluvium  deposited  by  these  streams  reaches 
considerable  thickness.  One  well  near  Crooked  Creek  records  210 
feet  of  alluvium  above  the  bed  rock.  The  loess  also  is  locallv  100 
feet  thick,  but  is  much  thinner  except  near  the  Illinois  bluffs. 
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PENNSYLVANIAN  SYSTEM 

The  Pennsylvanian  beds  found  in  the  county  belong  in  two  for- 
mations, the  Potts  ville  and  the  Carbon  dale.  The  Potts  ville  formation 
relatively  thin,  ranging  from  6  to  50  feet  in  thickness,  comprises  soft 
gray  or  white  fire  clay,  sandstone,  and  locally  a  thin  limestone.  Rare- 
ly a  thin  carbonaceous  bed  appears.  Near  LaGrange,  the  following 
Pottsville  section  appears® : 

Section  measured  near  center  sec.  29^  T.  1  8.,  R.  /  W. 

Description  of  strata  Thickness 

Ft.         In. 

Shale  and  underclay  of  No.  2  coal 7 

Limestone,  white  nodular  (Key  horizon  No.  3) 5 

Shale,  gray 3 

Shale,  sandy 3 

Clay  shale,  weathers  out  white 9 

Coal    4 

Sandstone,  ferruginous  5 

Shales,  sandy  and  clay 9 

Limestone  (St.  Louis) 12  6 

Dolomite,  sandy  (Salem)   (Key  horizon  No.  2) 20  6 

74  4 

The  Carbondale  has  a  maximum  thickness  of  about  130  feet  and 
consists  of  shales,  sandstone,  thin  limestones,  and  locally  Rushville 
coal  and  more  uniformly  Colchester  coal  at  the  base.  A  typical  section 
of  the  Carbondale  for  the  northern  part  of  the  county,  as  given  by 
Neber  follows: 

Oeneralized  section  of  the  Carbondale  formation  in  the  north  half  of 

Brown  County 

Description  of  strata  Thickness 

Ft.         In. 

Shale 5 

Limestone,  white  nodular  (Key  horizon  No.  8) 2            6 

Shale,  gray  11 

Limestone,  gray,  with  Chonetes?  and  Spirifer  cameratus    (Key 

horizon  No.  7) 1 

Shale,  gray 13 

Limestone,  white  or  light  gray,  heavy  nodular  (Key  horizon  No. 

6) 5 

Clay  shale,  soft,  gray  or  blue 6 

Sandstone  and  sandy  shale 10 

Shales,  blue  gray,  sandy 59 

•Nebel,  M.   L.,   Brown   County:     111.    State   Geol.   Survey   Bull.    40,   p.   30,   1919. 
^  Idem.  p.  29. 
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Generalized  section  of  the  Carbondale  formation  in  the  north  half  of 

Brown  County — Concluded 

Description  of  strata  Thickness 

Ft.  In. 

Limestone,  shaly  fossiliferous  (Key  horizon  No.  5) 2  6 

Clay  shales,  blue,  sandy 20  6 

Limestone,  black,  septarlan 1 

Shales,  black,  bituminous,  thin-bedded  (black  slate) 3 

No.  2  coal  (Key  horizon  No.  4) 2 

141  6 

Structure 

The  following  quotation  from  an  earlier  report  of  the  Survey 
presents  all  available  information  as  to  the  structure  of  the  Pennsyl- 
vanian  strata  in  Brown  County* : 

detailed  structure 

'The  detailed  structure  was  worked  out  by  obtaining  the  elevation  of 
seven  key  horizons.  The  most  uniform  and  most  reliable  of  all  these 
horizons  is  No.  2  coal,  and  it  was  selected  as  the  one  most  likely  to  show  all 
details  of  structure.  Its  elevation  above  sea  level  was  determined  either  by 
direct  leveling  or  by  computation  from  the  elevations  of  the  other  key 
horizons,  and  a  structure-contour  map  constructed  by  drawing  lines  through 
all  points  of  equal  elevation.    The  following  structures  were  revealed: 

"In  general  the  coal  dips  to  the  east,  but  it  has  a  rolling  surface  upon 
which  are  developed  small  domes,  anticlines,  terraces,  and  synclines.  The 
maximum  elevation  attained  is  653  feet  in  sec.  5,  T.  3  S.,  R.  4  W.  (Fairmount 
Twp.),  just  over  the  line  in  Pike  County.  The  coal  in  the  southwestern  por- 
tion of  Brown  County  is  high,  with  a  decline  to  the  east  of  123  feet  to  an 
elevation  of  530  near  Illinois  River.  In  the  northwestern  portion  of  the 
county  it  is  again  high,  rising  to  an  elevation  of  617  in  sec.  29,  T.  1  N.. 
R.  4  W.  (Pea  Ridge  Twp.),  and  decreasing  to  the  east  to  an  elevation  of  516 
in  sec.  24,  T.  1  N.,  R.  3  W.  (Missouri  Twp.).  Outcrops  are  almost  lacking  in 
a  broad  belt  across  the  central  portion  of  the  county  so  that  it  is  impossible 
to  predict  the  structure  in  that  area. 

"Covering  most  of  T.  2  S.,  R.  3  W.  (Elkhorn  Twp.),  and  parts  of  adjoin- 
ing townships  is  a  broad  terrace  upon  which  lie  three  small  domes.  The 
terrace  has  an  elevation  of  about  580  feet  above  sea  level.  A  small  dome 
covers  most  of  sec.  1,  T.  2  S.,  R.  4  W.  (Buckhorn  Twp.).  At  the  apex  of  the 
dome  in  the  NE.  V4,  sec.  6,  T.  2  S.,  R.  3  W.  (Elkhorn  Twp.),  the  coal  has  an 
elevation  of  607  feet  and  is  about  30  feet  higher  than  to  the  north  and  east. 
To  the  south  and  west  there  is  only  a  slight  decline. 

"In  sec.  7,  8.  9,  17,  and  18,  T.  2  S.,  R.  3  W.  (Elkhorn  Twp.)  is  an 
irregular  flat  dome  upon  which  the  coal  lies  at  an  elevation  of  600  feet  or  30 
feet  higher  than  in  the  area  to  the  north  and  east. 


•Nebel,  M.  L.,  Brown  County:  lU.  State  Geol.  Survey  BuU.  40,  p.  44-46.  1919. 
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*'A  broad  terrace  at  an  elevation  of  580  feet  covers  most  of  the  southern 
half  of  T.  2  S.,  R.  3  W.  (Elkhorn  Twp.),  with  a  slight  doming  in  sees.  13,  24. 
and  25.  The  apex  lies  at  596  feet  in  section  18.  To  the  east  the  rocks  dip  off 
rapidly,  so  that  the  apex  of  the  dome  rises  about  50  feet.  To  the  west  there 
is  first  a  gentle  dip,  then  the  rocks  rise  into  a  sharp  anticline. 

"Extending  almost  due  north  in  sees.  16,  17,  20,  21,  32,  and  33,  T.  2  S.. 
R.  4  W.  (Buckhorn  Twp.),  is  a  sharp  anticlinal  nose  on  which  the  coal  lies 
50  to  60  feet  higher  than  to  the  north,  east,  and  west.  The  shape  of  this 
structure  on  the  south  has  not  been  determined,  since  field  work  extended 
only  a  short  distance  south  of  the  county  line.  The  highest  known  point  is 
in  the  NW.  ^  sec.  5,  T.  3  S.,  R.  4  W.  (Pairmount  Twp.),  Pike  County,  where 
the  coal  lies  653  feet  above  sea  level.  To  the  west  the  coal  dips  steeply  into 
a  narrow  syncline,  while  to  the  east  it  slopes  gently  toward  the  broad  terrace 
in  T.  2  S.,  R.  3  W.  (Elkhorn  Twp.).  It  is  possible  that  additional  data  in 
Pike  County  will  modify  this  structure,  and  that  the  coal  may  rise  even 
higher  to  the  south. 

"In  T.  1  S.,  R.  2  W.  (Cooperstown  Twp.),  is  an  area  of  uplift,  but  out- 
crops are  very  few  in  this  township,  and  it  is  impossible  to  outline  the 
structure  accurately.  The  data  available  suggest  a  broad  dome  with  its  apex 
in  sections  27,  28,  32,  33,  and  34,  in  which  the  coal  lies  20  to  30  feet  higher 
than  in  the  area  to  the  west,  and  50  to  60  feet  higher  than  in  the  area  to  the 
east.    It  slopes  off  gently  to  the  north  and  south. 

"In  T.  1  N.,  R.  4  W.  (Pea  Ridge  Twp.).  is  a  dome  with  its  apex  lying  in 
sections  20,  21,  28,  and  29,  at  an  elevation  of  617  feet.  It  is  30  feet  higher 
than  to  the  east,  south,  and  west.  To  the  northeast  it  flattens  out  into  a 
broad  terrace,  covering  sections  2,  3,  9,  10,  15,  and  16  at  an  elevation  of  590 
to  600  feet.  In  sections  13  and  14  of  the  same  township  is  a  slight  dome  aris- 
ing about  20  feet  above  the  surrounding  territory,  and  sloping  oft  into  a  low, 
narrow  anticline  to  the  northeast  in  sees.  5,  6,  7,  and  8,  T.  1  N.,  R.  3  W. 
(Missouri  Twp.). 

"A  narrow  strip  across  the  northeast  corner  of  the  county,  covering  parts 
of  Missouri  and  Ripley  townships,  was  studied  in  1914  by  Morse  and  Rich.* 
The  structural  relations  suggested  by  them  have  been  slightly  modified  by 
new  data,  obtained  in  the  course  of  the  present  work,  but  no  important 
changes  need  be  made.  A  dome  exists  in  sees.  1,  2,  11,  and  12,  T.  1  N.,  R.  3  W. 
(Missouri  Twp.),  as  indicated  by  their  work,  with  a  large  syncline  to  the 
southeast.  The  broad  Ripley  dome  In  T.  1  N.,  R.  2  W.  (Woodstock,  Schuyler 
County,  and  Ripley,  Brown  County),  is  best  interpreted  as  a  terrace,  since 
the  new  data  indicates  that  the  contour  lines  do  not  close  around  the 
south  end.  , 

"A  small  synclinal  basin  lies  in  sees.  8,  9,  16,  and  17,  T.  1  S.,  R.  3  W. 
(Mt.  Sterling  Twp.),  completes  the  list  of  structures  brought  out  by  the  con- 
tour map." 


*  Morse,  Wm.  C,  and  Kay,  Fred  H.,  The  area  south   of  the  Colmar  oil  field 
111.  State  Geol.  Survey  Bull.  31,  pp.  8-36,  1915. 
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Colchester  (No.  2)  Coal 

The  Colchester  (No.  2)  coal  is  present  over  a  large  area  lying  be- 
tween the  valleys  of  Crooked  Creek  and  McGees  Creek.  Here  it  is 
uniformly  about  2  feet  thick,  without  partings  and  of  good  quality, 
as  elsewhere  in  this  part  of  the  State.  The  roof  is  black  shale 
except  in  the  northern  part  of  the  county  where  from  one  to  eight 
feet  of  gray  shale  come  in  between  the  black  shale  and  the  coal.  The 
floor  is  gray  clay,  sandy  in  places,  about  three  feet  thick. 

In  the  extreme  eastern  part  of  the  county,  near  LaGrange,  T.  2  S., 
R.  2  W.,  is  a  small  area  which  is  presumably  underlain  by  Colchester 
coal  of  usual  thickness.  The  coal  and  accompanying  strata  essential- 
ly duplicate  those  in  the  larger  field  to  the  west. 

Between  these  two  fields,  an  area  comprising  nearly  one-third  of 
the  county,  no  workable  coal  has  been  reported. 

Mount  Sterling  Coal 

In  the  immediate  vicinity  of  Alt.  Sterling,  sec.  8,  T.  1  S.,  R.  3  \V., 
a  coal  ranging  from  two  to  three  feet  in  thickness  was  mined  for  a 
time.  This  lies  above  the  Colchester  coal,  possibly  at  the  same  horizon 
as  the  Rushville  coal  of  Schuyler  County,  and  is  therefore  here  called 
the  Rushville  coal. 

This  coal  is  rcc(5rdcd  in  but  a  few  places  and  does  not  appear  to 
be  of  importance  in  an  estimate  of  the  resources  of  the  county.  While 
it  underlies  an  area  that  may  be  as  large  as  three  or  four  square  miles, 
it  is  apparently  too  irregular  in  its  thickness  to  be  of  any  value  for 
mining. 

BUREAU  COUNTY 

General  Statement 

Only  the  western  part  of  Bureau  County  is  included  in  District 
III  (PI.  lA).  This  area  lies  at  the  extreme  north  edge  of  the  Illinois 
coal  basin,  the  margin  of  the  "Coal  Measures''  passing  through  T.  17 
N.,  in  ranges  G  and  7  E.  The  thickness  and  character  of  the  Penn- 
sylvanian  beds  suggest  that  they  once  extended  farther  north  but 
have  been  partly  eroded.  The  precise  boundary  of  the  rocks  of  this 
system  is  not  known,  but  the  workable  coal  extends  little  if  any  north , 
of  T.  16  N. 


bureau  county  35 

Production  and  Mines 

While  at  no  time  an  important  item  in  the  total  production  of  the 
county,  there  has  always  been  a  small  tonnage  won  from  this  district 
for  local  use.  The  abandoned  mines  near  Sheffield  were  among  the 
first  ones  opened  in  the  county,  but  at  present  the  operations  are  in 
the  next  township  west.  The  1923  report  of  the  Department  of  Mines 
and  Minerals  lists  5  mines  from  this  part  of  the  county. 

Stratigraphy 

pleistocene  system 

Except  along  stream  valleys,  all  bed  rock  is  concealed  by  the  sur- 
ficial  deposits.  These  comprise  the  usual  glacial  and  recent  materials, 
unconsolidated,  and  very  irregular  in  extent.  They  range  in  thickness 
from  less  than  10  feet  to  more  than  100  feet.  West  of  Sheffield,  in  T. 
1()  N.,  R.  T  E.,  the  loose  material  is  thinner  than  to  the  south,  but  east 
of  Sheffield  the  cover  is  thickest.  The  records  across  the  line 
in  Henry  County  showing  more  than  200  feet  of  drift  suggest  deep 
erosion  of  the  IVimsylvanian  ])e(ls.  This  may  extend  in  to  the  area 
about  Neponset,  T.  IT)  X.,  R.  0  E.,  where  there  are  no  records  of  bor- 
ings. 

PENNSYLVANIAN    SYSTEM 

Outcro|)s  of  the  Pennsylvanian  rocks  are  rare  and  the  lack  of 
adequate  drill  lecords  makes  impossible  more  than  generalized  state- 
ments of  the  character  of  these  beds.  Typical  sections  are  exposed 
along  the  creek  east  of  Sheffield.  Mere  the  uppermost  beds  are  sand- 
stone, about  IT)  feel  thick,  underlain  bv  about  as  much  shale.  Below 
these  are  two  calcareous  beds,  the  upper  a  massive  argillaceous  bed, 
the  lower  a  limestone  ranging  from  1  to  2  feet  thick.  Still  lower 
is  a  shale  zone  about  3  feet  thick,  in  places  sheeted  and  hard,  but 
elsewhere  soft.  Under  this  variable  cover  is  a  coal  of  fairly  uniform 
development,  about  4  feet  thick  and  having  a  light  gray,  sandy 
underclay. 

The  recorded  logs  for  this  area  show  similar  successions  of  beds, 
mostly  sandy  shale  or  sandstone,  with  little  coal  and  an  occasional  bed 
of  limestone.  As  is  to  be  expected  in  an  area  so  near  the  margin  of 
the  Pennsylvanian  coal  basin,  the  rocks  show  considerable  variation 
from  place  to  place.  The  coal  itself  ranges  from  a  few  inches  to  five 
feet,  but  carries  a  shale  parting  near  the  middle  in  most  places.  Other 
clay  partings  occur  locally  near  the  bottom  of  the  bed.  In  places  the 
roof  is  black  shale  or  soapstone,  elsewhere  sandstone,  and  less  com- 
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monly  the  cap  limestone  comes  down  to  the  clod  over  the  coal.     The 
following  log  is  typical  of  the  beds  in  this  region: 

Typical  log  of  Pennsylvanian  strata  in  Bureau  County 


Description  of  strata 


Thickness 


Depth 


Ft. 


In. 


Ft. 


In. 


Soil  and  clay 12 

Sand 3 

Sandstone,  soft 3 

Clay  shale 7 

Shale,  light 11 

Hard  rock 

Slate 1 

Coal  Sheffield  (No.  6) 4 

Light  shale-lime  nodulos 31 

Light  sandy  shale  nodules 19 

Shale,  gray 27 

Sandstone,  shale 6 

Shale,  dark  and  gray 35 

Shale,  gray 46 

Shale,  light 4 

Shale,  gray 4 

Shale,  light 2 

Fossil  limestone 

Slate 2 

Shale,  dark 5 

Slate 2 

Shale,  light 6 

Slate 

Shale  and  sand,  light 11 


Few  beds  in  the  section  can  be  recognized  definitely.  The  series 
of  five  beds  above  tlie  coal  in  the  log  belong  clearly  to  the  se- 
quence which  always  accompanies  this  coal  in  Bureau  and  adjoining 
counties.  The  "hard  rock"  is  the  limestone  which  uniformly  carries 
fossils,  among  which  is  usually  the  fusulina  that  has  long  been  con- 
sidered an  index  fossil  for  the  Sheffield  coal. 

Other  coals  appear  in  the  area  in  places,  but  are  less  frequently 
recorded  than  in  the  Sheffield  area.  At  a  depth  of  more  than  150 
feet  there  is  in  places  a  3- foot  bed  which  has  been  correlated  with 
the  "third  vein"  of  the  La  Salle  area.  A  2- foot  bed  of  coal  has 
also  been  noted  in  some  parts  of  this  region  lying  *25  to  40  feet  above 
the  Sheffield  coal. 
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Structure 

So  far  as  the  data  at  hand  indicate,  the  Pennsylvanian  beds  of  this 
part  of  Bureau  County  are  essentially  flat-lying.  Local  arching  of  a 
few  feet  is  noted  in  all  mines,  but  no  general  deformation  is  recog- 
nizable. In  most  mines,  also,  are  small  fractures  and  slips  of  the  rocks 
enclosing  the  coal,  too  small  to  be  considered  important  structural  feat- 
ures. 

Sheffield  Coal 

The  most  important  coal  of  this  portion  of  Bureau  County  is  the 
4- foot  bed  which  is  found  at  shallow  depths  near  Sheffield.  It  was 
deposited  irregularly  over  the  south  two-thirds  of  T.  16  N.,  in  ranges 
6  and  7  E.,  so  that  while  locally  it  is  of  workable  thickness,  there  are 
considerable  areas  in  which  it  is  too  thin  to  be  of  value.  There  are  no 
data  on  this  coal  for  T.  15  N.,  but  from  its  presence  in  the  adjacent 
portion  of  Henry  County  it  seems  probable  that  it  will  be  found  here 
also.  On  this  assumption,  this  part  of  the  county  should  be  included 
within  the  area  mapped  as  containing  workable  coal  belonging  to  this 
seam. 

The  coal  ranges  in  thickness  from  a  few  inches  to  a  maximum 
of  5  feet.  In  most  mines  it  reaches  maximum  thickness,  but  the 
average  is  about  53  inches. 

The  Sheffield  coal  is  somewhat  variable  in  quality,  but  is  in  gen- 
eral a  better  coal  than  others  in  this  region.  It  is  hard,  mostly  bright, 
with  sub-conchoidal  fracture.  It  is  plainly  laminated,  with  mother 
of  coal  partings.  It  contains  some  calcite  and  g>^psum  as  well  as  pyrite 
as  impurities.  The  pyrite  is  much  more  common  in  the  zones  of  frac- 
ture which  are  common  in  parts  of  this  bed.  Elsewhere  it  is  of  little 
consequence.  A  shale  parting  from  J4  i"ch  to  2  inches  thick  com- 
monly separates  the  coal  into  two  benches.  This  is  not  everywhere 
I)resent,  but  is  commonly  considered  diagnostic  of  this  bed. 

A  cap  limestone  is  usually  present  over  the  coal,  but  separated 
from  it  by  a  few  inches  to  several  feet  of  shale.  The  shale  is  light 
gray  to  black  and  may  be  soft  and  loose  or  may  be  sheeted,  hard  and 
"frozen"  to  the  coal.  In  the  latter  case  it  has  to  be  drawn  with  the 
coal.  Locally  the  shale  top  is  gritty  enough  to  be  classed  as  sandstone, 
but  this  phase  commonly  grades  to  the  true  shale  in  short  distances.  In 
places,  however,  as  near  Sheffield,  the  beds  normally  over  the  coal 
have  been  eroded,  and  replaced  by  a  later  sandstone.  Locally  such 
sandstones  "cut  out"  the  coal. 
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The  floor  is  hard  underclay,  light  in  color,  and  containing  at  or 
near  its  base  calcareous  matter  either  as  nodules  or  as  a  distinct  bed 
of  lenticular  shape. 

The  following  notes  from  one  of  the  mines  in  this  region  shnw 
typical  conditions  for  the  Sheffield  coal : 

Shaft:   51  feet  deep;  surficial  material  9  feet. 

Roof:    Limestone,  with  slate  up  to  54  inches  beneath. 

Coal:    Maximum  thickness  62,  minimum  48,  average  58  inches. 

Floor:   Shale,  light  gray,  dry;  does  not  heave. 

Notes:  The  coal  lies  in  an  cast-west  trending  basin;  it  Is  affected  by  a 
number  of  "horsebacks",  which  occur  in  a  zone  near  the  shaft.  Pyrite  is 
common  in  Bureau  County  and  near  the  horsebacks,  but  the  coal  is  un- 
usually clean  elsewhere. 

Other  Coal  Beds 

Over  part  of  the  area,  as  near  Huda,  T.  IG  X.,  R.  T  E.,  a  coal  aver- 
aging 24  inches  in  thickness  is  reported  from  25  to  40  feet  over  the 
Sheffield  coal.  It  appears  to  have  an  extremely  irregular  disposition 
and  to  be  of  inferior  grade.  It  is  therefore  not  considered  in  the  esti- 
mate of  coal  resources  for  the  county.  Another  bed,  lying  between 
100  and  200  feet  below  the  Sheffield  coal,  is  recorded  near  Sheffield. 
This  is  probably  the  coal  mined  near  Tiskilwa  and  recorded  in  a  loi^ 
from  Annewan  in  Henry  County.  It  is  tentatively  correlated  with 
the  "Third  Vein"  of  LaSalle  County.  Xo  data  at  hand  indicate  this 
as  an  important  bed  and  it  is  not  considered  in  the  estimate  of  the 
count v\s  resources. 

CALIIOUX  COUNTY 

G K  \  ER A L  State m  i-  n t 

Calhoun  County  lies  in  the  extreme  southwest  corner  of  District 
III,  and  is  separated  from  the  main  coal  field  by  both  Illinois  River 
and  a  structural  deformation  which  brings  the  Mississippian  rocks  to 
the  surface  on  the  northeast  (PI.  I  1>).  As  a  result,  only  the  extreme 
southern  part  of  the  countv  is  underlain  bv  "Coal  Measures",  and  a 
very  limited  area  is  involved. 

Production  and  Mines 

But  one  or  two  mines  have  ever  been  operated  in  the  county.  In 
recent  years,  no  mines  have  reported  production  but  between  1885  and 
1912  from  2000  to  GOOO  tons  were  i)roduced  annually,  mainly  in  con- 
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nection  with  clay  mined  for  paving  brick  or  sewer  pipe  in  the  vicinity 
of  Golden  Eagle. 

Area  underlain  by  workable  coal 8  sq.  mi. 

Average  thickness   24  inches 

Amount   available   originally 17,900,000  tons 

Production,  year  ending  June  30,  1923 none 

Average  annual  production,  1919-1923 none 

Total  production  recorded 96,087  tons 

Stratigraphy 

pleistocene  system 

The  drift  in  the  area  underlain  by  Pennsylvanian  rocks  is  largely 
loess  which  caps  the  blufTs  along  both  the  Illinois  and  the  Mississippi. 
The  till  below  the  loess  is  relatively  thin. 

PENNSYLVANIAN  SYSTEM 

The  Pennsylvanian  beds  outcrop  in  gullies  of  T.  13  S.,  ranges  1 
and  2  W.  The  boundary  of  the  Pennsylvanian  areas  can  not  be  ac- 
curately mapped,  and  it  is  placed  at  the  520-foot  level  arbitrarily  upon 
the  elevation  of  the  base  at  Golden  Eagle,  as  well  as  upon  the  assump- 
tion of  horizontal  attitude.  The  section  for  the  county,  as  given  by 
Worthen^,  is  as  follows : 

Typical  section  of  Pennsylvanian  strata  in  Calhoun  County 

Description  of  strata  Thickness 

Ft,         In, 

Shale,  brown   6 

Limestone,  gray,  concretionary 5 

Shale,  sandy  brown  and  concealed  interval 65 

Coal    4 

Clay  shale  and  iron  ore 2  6 

Coal    2  2 

Fire  clay    3 

Clay  shale,  grading  down  to  black 12 

Sandstone  and  sandy  shale 25 

Mississippian  limestone  

In  this  section,  the  prominent  beds  are  the  upper  concretionary 
limestone  which  contains  fusulina  and  the  2-foot  coal  near  the  base. 
According  to  Worthen,  the  black  shale  below  this  coal  probably  corre- 
sponds with  a  lower  coal  bed,  but  no  such  coal  has  been  found  within 
the  county. 

•Worthen,  A.  H.,  Geol.  Survey  of  Illinois.  Vol.  IV,  p.  16,  1870. 
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Structure 

No  information  is  available  regarding  the  structure  of  the  coal 
beds,  either  for  the  county  as  a  whole  or  for  the  workings  of  the  mine 
at  Golden  Eagle.  On  the  basis  of  the  general  geology  of  the  region, 
it  is  assumed  that  the  Pennsylvanian  beds  are  essentially  flat,  although 
variations  from  this  attitude  are  to  be  expected. 

Golden  Eagle  Coal 

So  far  as  known,  coal  has  been  found  only  in  the  following  four 
places  in  the  county :  the  NW.  J4  o^  sec.  10,  the  NE.  J4  of  sec.  24, 
the  NW.  ^  of  sec.  36,  T.  13  S.,  R.  2  W.,  and  in  the  part  of  sec.  1, 
T.  1  1  S.,  R.  2  W.,  in  which  the  Golden  Eagle  mine  was  located.  The 
coal  is  from  2  1  to  30  inches  thick,  ap|)ears  to  be  relatively  free  from 
sulphur,  and  in  general  the  equal  of  the  average  western  Illinois  coal. 
There  is  about  2^/^  feet  of  clay  shale  for  roof,  the  upper  part  ferru- 
ginous. The  4-inch  coal  overlying  this  shale,  which  was  classed  by 
Worthen  as  a  distinct  bed,  does  not  appear  to  be  found  elsewhere  in 
the  county,  and  perhaps  should  be  considered  a  local  development. 
Below  the  coal  is  fire  clay  two  or  three  feet  thick,  which  grades  down- 
ward to  black  bituminous  shale.  The  thinness  of  the  bed  makes  it 
expensive  to  mine  and  it  has  therefore  not  been  worked  for  the  past 
ten  years  or  more. 

CASS  COUNTY 

General  Statement 

Cass  County  lies  along  the  east  margin  of  the  area  included  in 
District  III,  and  shows  a  general  section  resembling  that  of  eastern 
Schuyler  County  to  the  north  (PI.  I  B).  The  "Coal  Measures" 
are  relatively  thick  and  include  in  the  thicker  portion  beds  which  over- 
lie Rock  Island  and  Colchester  coals. 

Production  and  Mines 

Production  from  this  area  has  been  somewhat  irregular,  but  at  no 
time  of  more  than  local  importance.  In  1922,  four  mines  producing 
less  than  than  7,000  tons  were  reported,  and  in  1923,  six  mines  pro- 
duced about  9,000  tons.  These  are  in  the  vicinity  of  Chandlerville. 
in  the  northeastern  part  of  the  county,  Ashland  in  the  extreme  south- 
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eastern  part,  and  in  the  bluffs  east  of  Beardstown  in  the  western  part 
of  the  county. 

Area  underlain  by  workable  coal 265  sq.  mi. 

Average  thickness  36  inches 

Amount  available  originally 897,000,000  tons 

Production  year  ending  June  30,  1923 9,014  tons 

Average  annual  production,  1919-1923 27,226  tons 

Total  production  recorded 182,609  tons 

Stratigraphy 

pleistocene  system 

The  surficial  deposits  in  Cass  County  are  known  to  be  rather  heavy, 
as  most  well  logs  show  about  100  feet  of  unconsolidated  material  over 
bed  rock.  A  maximum  of  nearly  200  feet  was  reported  from  a  well 
near  Virginia,  T.  17  N.,  R.  10  W.  Details  of  the  character  of  the  de- 
posits are  lacking,  however,  and  only  a  general  statement  is  possible. 
Below  a  cover  of  fine  loessial  clay,  from  5  to  20  feet  thick,  lie  varying 
thicknesses  of  boulder  clay,  sand,  and  gravel.  In  places  these  have 
been  found  to  contain  much  water.  The  floodplains  of  the  Illinois 
and  of  the  Sangamon  are  underlain  by  recent  alluvium  to  considerable 
depths. 

PENNSYLVANIAN  SYSTEM 

All  of  the  county  is  underlain  by  "Coal  Measures",  except  a  nar- 
row strip  near  Illinois  River  and  along  Sangamon  River  in  the  vicinity 
of  Chandlerville.  In  these  areas  Mississippian  rocks  are  exposed. 
The  Pennsylvanian  ranges  from  10  feet  to  more  than  250  feet  in  thick- 
ness, and  shows  the  usual  series  of  impure  sandstone  and  shale  with 
several  thin  limestone  and  coal  beds.  A  shaft  log  from  near  Bluflf 
Springs,  T.  17  N.,  R.  11  W.,  shows  the  following  section : 

Log  of  shaft  near  Bluff  Springs,  T.  11  N.,  R.  11  W. 

Description  of  strata  Thickness    Depth 

Ft.  Ft. 

Soil  (loess)    .• 15  15 

Sandstone,  brownish,  with  plant  impressions 13  28 

Limestone    ("blue  rock") 2  30 

Clay  shale  ("soapstone") 12  42 

Coal    3  45 

Fire  clay,  very  hard 4  49 
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The  coal  here  listed  is  probably  the  same  as  that  mined  at  a  depth 
of  about  200  feet  at  Virginia,  where  a  boring  for  coal  shows  the  fol- 
lowing section: 

Record  of  coal  boring  near  Virginia 


Description  of  strata 


Pleistocene  and  Recent  systems 

Pennsylvanian  system 

Sandstone 

Limestone,  hard   

Shale,  black 

Shale,  clay 

Coal,  Colchester  (No.  2) 

Fire  clay  (base  of  Carbondale) 

Shale,  black 

Shale,  clay 

Clay,  "potter's" 

Coal 

Sandstone  and  shale 

Coal 

Sandstone  and  shale. . . 

Coal 

Sandstone  and  shale... 

Coal 

Sandstone 

Coal 

Sandstone  and  phale . . . 

Clay  shale 

Sandstone 

Rock,  hard  siliceous. . . . 

Clay  shale 

Rock«  hard,  siliceous. . . 

Shale,  hard,  green 


Horizon 

of 

No.  1 

coal 


It  is  not  improbable  that  approximately  the  lowest  10  feet  in  the  above 
section  belongs  with  the  Mississippian  system. 

The  geology  of  the  "Coal  Measures"  of  Cass  County  has  been 
adequately  discussed  in  an  Illinois  Mining  Investigations  bulletin^^* 
from  which  the  following  paragraphs  are  quoted : 


<<( 


'Since  the  line  of  outcrop  of  No.  5  coal  nearly  coincides  with  the  east- 
ern boundary  of  the  county,  it  is  believed  that  most  of  the  area  is  underlain 
by  Pennsylvanian  strata  older  than  No.  5  coal,  that  is  by  strata  of  lower 


"Cady,  O.  H..  Coal  resources  of  ivjstrlct  IV:  111.  Coal  Mining  Investigations 
Bull.   26,   p.   62,   1921. 
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Carbondale  and  Pottsville  age.  These  formations  contain  at  least  one,  and 
probably  two  beds  of  coal,  neither  of  which  apparently  is  more  than  three 
feet  thick.  The  most  widespread  of  these  coals  is  the  No.  2  (Colchester, 
Murphysboro,  or  LaSalle  "Third  Vein")  coal  which  outcrops  along  the  Illi- 
nois and  Sangamon  valley  bluffs  between  Bluff  Springs  and  ChandlerviUe, 
and  has  been  mined  at  Virginia  at  a  depth  of  about  200  feet.  It  is  probably 
this  same  bed  which  at  one  time  was  mined  at  Ashland  at  a  depth  of  205 
feet.  As  the  identity  of  this  coal  is  not  determined,  and  as  it  may  be 
younger  than  No.  2  coal,  it  may  be  the  same  as  a  bed  encountered  in  a 
drill  hole  just  south  of  Springfield,  between  50  and  60  feet  below  No.  5 
(Springfield)  coal. 

"The  correlation  of  the  coal  mined  at  Bluff  Springs  and  Virginia  is 
based  on  comparisons  made  by  Worthen,  who  points  out  the  similarity  of 
this  coal  to  the  coal  mined  and  outcropping  at  Exeter,  Scott  County.  Obser- 
vations by  the  writer  in  Scott  County  indicate  that  the  coal  at  Exeter  and 
Alsey  is  the  same  coal  as  that  mined  near  Roodhouse  and  Whitehall  in 
Greene  County  and  at  Upper  Alton  in  Madison  County,  and  is  to  be  corre- 
lated with  the  No.  2  coal.  This  coal  in  southwestern  Illinois  has  a  roof 
of  black  paper  shale,  commonly  called  'slate',  which  has  a  variable  thick- 
ness up  to  about  20  feet;  but  in  certain  areas  especially  toward  the  north, 
gray  shale  or  'soapstone'  lies  between  the  coal  and  'slate'.  About  5  feet 
below  the  coal  is  a  bed  of  limestone  2  to  5  feet  thick,  known  locally  as  the 
*sump  rock'. 

"In  Cass  County  the  coal-bearing  strata  dip  at  a  low  angle  to  the  east, 
at  the  rate  of  8  to  10  feet  per  mile.     Thus,  coal  which  outcrops  along  the 

bluff  east  of  Beardstown  is  at  a  depth  of  about  200  feet  at  Virginia 

Because  of  the  eastward  dip,  younger  and  younger  rocks  underlie  the 

glacial  material  in  that  direction,  so  that  the  outcrop  of  the  No.  5  or  Spring- 
field coal  nearly  coincides  with  the  east  line  of  the  county. 

"The  principal  coal  of  Cass  County  is  undoubtedly  the  No.  2  bed,  which 
underlies  all  the  county  east  of  Illinois  Valley,  probably  crossing  the  Sanga- 
mon valley  near  ChandlerviUe.  This  coal  is  commonly  between  3  and  3% 
feet  in  thickness,  and  elsewhere  possesses  great  regularity  in  thickness  and 
in  physical  characteristics  though  very  little  is  known  of  its  physical  charac- 
teristics in  this  county.  It  is  probable,  however,  that  the  coal  has  the  usual 
gray  shale  or  black  'slate'  roof  found  above  No.  2  coal  in  adjacent  counties 
to  the  south  and  west 

"Because  this  coal  is  relatively  so  thin  and  its  area  of  outcrop  so  small 
that  mining  by  drift  or  slope  entrance  is  practicable  in  only  a  small  part 
of  the  county,  the  development  of  the  coal  resources  in  Cass  County  is  prob- 
ably not  a  matter  of  immediate  concern.  Diamond  drilling  should  precede 
future  development,  as  the  data  available  are  entirely  too  meager  to  justify 
undertaking  mining  operations."^* 


"  Idem,  p.  64. 
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FULTON  COUNTY 

General  Statement 

Fulton  County  lies  near  the  center  of  District  III  along  the  east 
margin,  and  includes  within  its  boundary  a  considerable  area  of  Mc- 
Leansboro  and  Upper  Carbondale  beds  (PI.  I  A).  It  occupies  a  posi- 
tion near  the  margin  of  the  thicker  part  of  the  Illinois  coal  basin,  and 
is  essentially  a  continuation  of  the  beds  of  the  Peoria-Springfield  area. 
The  relations  to  the  main  field  are  essentially  the  same  as  in  Knox 
County,  and  here,  as  in  the  report  of  Knox  County,  some  discussion 
of  the  eastern  part  of  the  county  in  which  the  Colchester  and  lower 
coals  are  not  of  commercial  importance  is  included.  The  area  in- 
cluded for  District  III  is  practically  restricted  to  eight  townships  in 
the  northwest  part  of  the  county. 

Production  and  Mines 

There  are  about  as  many  mines  in  Fulton  County  as  in  any  county 
of  the  State,  but  the  total  production  is  not  great  because  of  the  great 
predominance  of  country  banks.  The  report  of  the  Department  of 
Mines  and  Minerals  for  1923  records  26  shipping  mines  w^ith  a  total 
production  of  approximately  2,000,000  tons.  In  addition,  there  are 
recorded  194  local  mines  with  a  total  production  of  slightly  more  than 
250,000  tons.  Of  the  220  mines,  but  one  of  the  shipping  mines 
and  45  of  the  local  mines  belong  in  District  III. 

Stratigraphy 

pleistocene  system 

The  Pleistocene  of  the  county  varies  in  thickness  from  10  to  about 
155  feet,  with  an  average  of  about  40  feet.  The  materials  are  similar 
to  those  of  Knox  County  to  the  north.  Glacial  clay,  in  places  con- 
taining many  boulders,  makes  up  most  of  the  deposit.  On  the  up- 
lands, however,  it  is  overlain  by  a  yellow  clay  or  silt,  with  a  maximum 
thickness  of  20  feet,  and  in  the  lowlands  by  recent  alluvium.  A  small 
amount  of  sand  and  less  gravel  appears  in  the  Pleistocene  system. 

pennsvlvanian  system 

The  Pennsylvanian  beds  outcrop  in  all  parts  of  the  county,  but 
the  best  exposures  are  in  the  valley  of  Spoon  River  and  its  branches. 
Spoon  River  exposures  were  combined  into  a  type  section  by  Wort  hen 
in  his  early  work  in  Illinois  and  a  series  of  seven  coal  beds  were  de- 
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scribed  and  numbered.  With  one  exception,  these  beds  are  still  recog- 
nized, W'orthen's  No.  4  now  bein<^^  considered  identical  with  his  No.  5. 

A  laro[e  amount  of  drilling;  has  been  done  in  the  county,  but  mainly 
in  the  eastern  part  where  ihe  Sprin.s^field  and  Relleyille  coals  are  com- 
mercially important.  Much  less  is  known  of  the  lower  beds  with 
which  this  report  is  primarily  concerned.  The  records  from  the  east- 
ern side  of  the  county  show  a  total  thickness  of  between  300  and  400 
feet  for  the  Pennsylvanian,  but  the  logs  from  the  west  margin  show 
the  system  to  be  much  thinner.  One  record  near  Marietta,  T.  6  N., 
R.  1  E.,  shows  14  feet  of  limestone  overlying  about  70  feet  of  blue 
shale.  These  overlie  Mississippian  limestone,  to  which  system  some 
of  the  shale  perhaps  should  be  referred. 

The  Pennsylvanian  section  in  western  Fulton  County  shows  con- 
siderable sandstone.  Shale  and  sandy  shale  predominate,  with  lime- 
stone and  coal  in  very  subordinate  thicknesses.  The  beds  important 
stratigraphically  are  Seville  (No.  1)  coal  and  its  limestone  cap,  and 
Colchester  (No.  2)  coal  which  usually  can  be  recognized  without  diffi- 
culty. The  relations  and  character  of  these  beds  are  indicated  in  the 
following  paragraphs  taken  from  an  earlier  Survey  report.^ ^ 

"No.  2  (Colchester)  coal  lies  about  90  to  135  feet  below  No.  5,  the  lesser 
interval  being  found  in  the  Cuba  region,  and  the  greater  in  the  northeast 
part  of  the  county.  The  strata  between  No.  5  and  No.  2  consist  mainly  of 
shale  and  sandstone,  a  massive  sandstone  being  rather  widespread  in  the 
upper  third  of  the  section.  The  roof  of  No.  2  consists  of  gray  shale  or  "soap- 
stone"  9  to  14  feet  in  thickness  in  the  northern  and  western  parts  of  the 
county,  but  thicker  toward  the  south.  It  is  followed  above  by  a  black  fissile 
shale  3  to  6  feet  thick  with  which  is  commonly  found  a  band  of  fossiliferous, 
septarian,  nodular  limestone  one-half  to  one  foot  thick.  Savage  states  that 
this  is  an  easily  recognized  succession  which  is  exposed  in  many  places  in 
the  western  part  of  the  county.  It  is  noteworthy  also  that  essentially  the 
same  succession  is  found  above  No.  2  coal  in  the  La  Salle  district  west  of 
the  La  Salle  anticline  and  in  much  of  District  III  to  the  west.  The  coal  has 
a  common  thickness  of  about  2  feet  6  inches,  but  varies  between  2  and  3  feet. 

"A  coal  believed  to  be  the  equivalent  of  the  coal  mined  in  Rock  Island 
County  and  know^n  as  No.  1  or  Rock  Island  coal,  lies  60  to  90  feet  below  No.  2 
coal,  the  interval  being  greatest  to  the  east.  The  area  in  which  this  coal  is 
best  developed  seems  to  lie  west  or  south  of  the  outcrop  of  No.  5  coal.  The 
few  drill  holes  to  the  base  of  the  Pennsylvanian  rocks  east  of  the  outcrop  of 
No.  5  show  coal  thick  enough  to  be  of  commercial  value  only  at  the  horizon 
of  the  Rock  Island  coal  in  one  or  two  cores,  and  these  holes  are  located  along 
the  outcrop  of  the  No.  5  coal  in  Putnam  Township.  The  coal  attains  locally 
a  thickness  of  about  4^  feet  in  the  vicinity  of  Cuba,  but  there  appears  to  be 
no  large  body  of  it  and  very  commonly  the  seam  is  separated  by  shale  part- 


»»Cady,    G.    II.,    Coal    re.soiirce.s    of    District    IV:    lU.    Mining    Investigations 
Bull.    26,   p.    80-81,   1921. 
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Ings.  Where  it  is  worlted  in  the  western  part  of  the  county  at  Ellisville,  ft 
is  3  to  5^  feet  thick.  This  coal  seems  to  have  been  laid  down  in  a  narrow 
trough  or  basin  running  north  and  south  through  the  western  part  of  the 
State,  from  Brown  to  Rock  Island  County,  the  eastern  edge  of  which  crossed 
the  central  part  of  Fulton  County.  Its  area  of  main  development  is  there- 
fore west  of  this  district  in  District  III. 

"No.  1  coal  where  characteristically  developed  has  a  readily  recognizable 
bluish,  fossiliferous,  limestone  cap-rock  5  to  20  feet  thick,  which  is  separated 
from  the  coal  by  6  inches  to  3  leet  of  dark  shale.  In  its  typical  development 
this  cap-rock  seems  to  be  restricted  to  the  same  area  as  No.  1  coal,  and  to 
become  thinner  and  possibly  disappear  entirely  toward  the  east.  The  few 
drill  holes  In  eastern  Fulton  County  that  penetrate  No.  1  coal  do  not  find 
a  cap-rock  above  No.  1  coal. 

"Coals  between  No.  1  and  No.  2  seem  to  be  somewhat  more  numerous  in 
the  eastern  part  of  the  county  than  in  the  western.  Between  No.  1  and  No.  2, 
lying  20  to  30  feet  below  No.  2.  Savage  reports  a  thin  coal,  18  inches  thick. 
which  seems  to  be  fairly  persistent  as  it  is  found  in  outcrop  in  the  western 
and  central  parts  of  the  county  and  in  drilling  in  the  eastern  part.  Whereas 
this  is  the  only  persistent  coal  known  in  the  section  in  the  western  part  of 
the  county  where  strata  outcrop,  drilling  in  the  vicinity  of  Cuba,  St.  David, 
and  Dunfermline  reveals  the  presence  of  one  or  two  other  coals  between  No.  2 
and  No.  1.  In  the  Cuba  region  the  interval  between  No.  2  and  No.  1  coals  is 
about  80  feet.  The  following  record  of  a  hole  drilled  between  Fiatt  and  Cuba 
is  typical  of  the  succession  in  that  part  of  the  county. 

Record  of  drilling  between  Fiatt  and  Cuba 


Description  of  strata 


Thickness 


Depth 


Pleistocene  and  Recent  systems- 
Clay 

Pennsylvanian  system — 
Carbondale  formation — 

Sandstone,  yellow 

Slate,  dark 

Coal  (No.  5) 

Shale,  light 

Sandstone,  light 

Shale,  mixed 

Sandstone,  light 

Shale,  sandy 

Shale,  gray 

"Slate,"  dark 

Rock  (limestone),  dark 

Shale,  light 

Coal  (No.  2) 


Ft. 

In 

Ft. 

In. 

18 

•  i 

18 

1 

•   ■ 

10 

i 

1   ,    28 

4 

1 

1( 

)       30 

2 

4 

( 

>       34 

8 

2 

4 

I       37 

2 

• 

39 

19 

58 

12 

70 

37 

107 

20 

127 

1 

128 

1 

129 

14 

143 

2 

^ 

[              145 

4 
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Record  of  drilling  between  Fiatt  and  Cuba — Concluded 


Description  of  strata 


Thickness 


Depth 


Pottsvllle  formation — 

Shale,  sandy,  light 

Coal 

Shale,  light,  sandy 

Shale,  dark 

Coal 

Shale,  light,  sandy 

Shale,  dark i 

Coal I 

Sulphur  (pyrite) 

Coal I 

Sandy  bottom ' 

Rock,  boulder  (limestone?) . .  J 

Limestone,  dark ' 

Shale,  dark,  hard I 

Coal  (No.  1) i 

Shale,  light,  sandy ' 


Ft. 

18 
1 

12 
1 

■  ■ 

18 


In. 

Ft. 

In. 

8 

164 

m    » 

1 

•   • 

165 

■  • 

•   • 

177 

•   ■ 

178 

•  • 

11 

6 
4 
6 


4 
2 
2 
4 
8 

7 
4 
1 


178 
196 
203 
203 
203 


4 
4 
4 
8 
10 


207 

■  • 

207 

4 

208 

■   ■ 

219 

•   ■ 

225 

7 

229 

11 

236 

•  ■ 

"The  lower  coal  with  the  dark  limestone  cap-rock  is  without  question 
No.  1.  In  the  Cuba  region  rather  systematic  testing  of  this  coal  in  certain 
areas  reveals  large  variations  in  thickness  and  character.  Its  commercial 
value,  therefore,  for  the  present,  at  least,  is  small.  The  limestone  cap-rock 
is  commonly  about  10  feet  in  thickness  but  in  places  is  absent  and  in  other 
places  as  thick  as  20  feet.  The  coal  overlying  the  cap-rock  or  but  a  short 
distance  above  it,  is  lenticular.  In  a  few  holes  it  has  a  thickness  of  about 
4  feet,  but  commonly  is  less  than  a  foot  thick,  and  so  interbedded  with  shale 
that  it  has  no  value.  It  is  not  known  Just  how  persistent  this  bed  is  in  the 
southern  part  of  the  county.  It  is  possible  that  outcrops  of  this  bed  in  the 
vicinity  of  Lewistoh  were  confused  with  No.  2  coal  by  Worthen,  resulting 
in  the  misinterpretation  of  the  section  that  appears  in  his  discussion  of  the 
geology  of  Fulton  County  in  Volume  IV  of  the  Geological  Survey  of  Illinois. 

**The  two  other  coals  that  are  fairly  continuous  in  the  section,  one  12 
to  20  or  25  feet  below  No.  2  coal,  and  the  other  about  30  feet  lower,  are 
generally  thin.  In  some  holes,  however,  the  upper  of  the  two  is  reported 
2  feet  or  more  thick,  but  it  is  more  commonly  found  a  foot  or  less  in 
thickness.  It  is  quite  possible  that  this  coal  outcropping  near  Lewiston  was 
the  one  which  was  confused  with  No.  2  coal  instead  of  the  lower  coal  as  de- 
scribed in  the  preceding  paragraph. 

"Aside  from  the  limestone  and  coals  noted  above,  the  strata  between 
No.  1  and  No.  2  coals  are  mainly  shale,  with  a  sandstone  3  to  8  feet 
thick  rather  persistent  17  to  25  feet  below  No.  2." 
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Structure 

In  general,  throughout  Fulton  as  in  the  other  counties  of  the  dis- 
trict, the  Pennsylvanian  rocks  show  very  little  deviation  from  a  hori- 
zontal attitude.  They  show  a  slight  regional  dip  eastward  with  minor 
upwarps  west  of  Avon,  T.  8  X.,  R.  1  E.,  and  northwest  of  Fairview, 
T.  8  N.,  R.  3  E. 

It  is  probable  that  in  any  area  exploratory  work  will  reveal  minor 
variations  of  structure  which  will  be  of  especial  importance  in  actual 
mining  operations.  Minor  irregularities  in  structure  will  be  noted  in 
the  discussion  of  certain  coal  mines. 

Colchester  Coal 

From  the  standpoint  of  available  tonnage,  it  is  probable  that  the 
Colchester  coal  is  the  most  important  bed  in  that  part  of  Fulton  Count\ 
which  hes  in  District  III.  It  has  been  reported  from  near  Lewistown, 
Table  Grove  and  Astoria  and  appears  to  underlie  the  west  half  of  the 
county  except  where  removed  by  erosion.  Data  now  available  do  not 
peiTnit  mapping  boundaries  of  this  coal  south  of  Seville,  but  through- 
out this  area  it  has  been  exploited  in  country  banks  rather  generally. 
Only  a  small  fraction  of  the  original  tonnage  has  been  touched,  how- 
ever, and  when  coals  thinner  than  are  now  mined  become  important, 
this  will  become  a  valuable  resource.  It  ranges  from  20  to  30  inches 
in  thickness,  and  is  noted  for  its  remarkable  uniformity.  No  persist- 
ent partings  accompany  this  bed,  which  is  of  better  quality  than  the 
higher  coals,  and  carries  only  a  small  amount  of  pyrite.  The  roof  is 
quite  uniformly  gray  shale  10  to  15  feet  thick,  called  "soapstone"  by 
the  miners.  In  places,  as  in  the  Veniiont  area,  the  shale  is  sandy  so 
that  the  roof  in  one  part  of  the  mine  may  be  shale  and  in  others  sand- 
stone. Over  this  stratum  are  a  few  feet  of  black  fissile  shale.  The 
floor  clay  is  generally  soft,  gray  and  plastic.  Only  the  upper  two  feet 
are  commonly  penetrated,  and  the  lower  beds  are  not  known. 

Ellisville  Coal 

The  only  other  coal  of  importance  in  western  Fulton  County  is 
that  now  worked  at  Ellisville  Station,  on  Spoon  River.  This  is  the 
No.  1  bed  of  Wort  hen's  type  section  for  this  part  of  the  State,  and  has 
jijenerallv  been  correlated  with  the  Rock  Island  coal,  which  it  closely 
resembles.  'I'his  bed  appears  to  have  a  very  irregular  distribution  in 
the  county  so  thai  its  im])ort.'ince  as  a  coal  reserve  is  problematical. 
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It  is  known  rather  generally  north  of  Table  Grove,  in  T.  4  N.,  R.  1  E., 
as  at  Marietta,  Avon,  Babylon,  and  Ellisville,  but  has  rarely  been 
identified  south  of  this  area.  East  of  the  limit  of  District  III  it  has 
been  reported  commonly  in  logs)  but  here  too  it  shows  no  regular  de- 
position. Although  fairly  persistent,  its  thickness  is  so  variable  as  to 
render  exploitation  questionable,  and  it  commonly  has  partings  of 
shale  which  render  it  worthless  for  mining. 

It  reaches  a  maximum  of  6  feet  in  thickness  and  over  consider- 
able areas  maintains  an  average  of  about  4  feet.  If  the  entire  re- 
gion where  it  is  known  to  be  present  is  considered,  however,  it  is  much 
thinner  than  that  and  only  extensive  drilling  will  serve  to  outline  areas 
of  workable  coal. 

The  Ellisville  coal  is  of  relatively  high  grade.  It  has  no  persistent 
partings  and  what  pyrite  it  contains  is  commonly  in  bands  or  lenses 
which  can  readily  be  separated  from  the  coal  as  it  is  mined. 

Where  normally  developed,  this  coal  has  a  cap-rock  of  limestone. 
In  places  a  lower  bench  of  this  limestone  comes  down  after  the  coal  is 
removed.  Elsewhere  as  much  as  5  feet  of  shale  comes  in  between  the 
limestone  and  the  coal.  These  occurrences  are  troublesome  and  expen- 
sive in  mining,  but  where  the  cap  is  close  to  the  coal  it  makes  an  ex- 
cellent roof.  The  floor  clay  is  carbonaceous  for  the  top  ten  inches  and 
softens  up  along  roadways,  but  does  not  heave  enough  to  give  any 
trouble.    Below  this  the  bed  is  gray  sandy  shale  which  rarely  softens. 

Mine  Notes 

The  following  notes  taken  by  a  member  of  the  Survey,  are  intro- 
duced to  show  the  details  of  the  occurrence  and  character  of  the  Ellis- 
ville coal: 

Ellisville  coal  at  Spoon  River  Colliery  Company  mine^* 

Entrance:     shaft,  40  feet  to  coal. 

Thickness  of  rock  over  coal:    about  25  feet. 

Roof:  Limestone  cap-rock  with  clod  or  shale  below  it  in  places.  Black 
shale  occurs  in  lenses  and  is  generally  found  in  the  swags.  This  shale  is 
black,  carbonaceous,  with  some  lime  near  the  margin  of  the  lenses.  It  is 
more  solid  toward  the  center,  with  less  lime,  and  may  be  more  than  5  feet 
thick.  The  cap  limestone,  with  the  overlying  calcareous  shale  known  as  the 
blue  rock,  is  in  places  as  much  as  21  feet  thick. 

Coal:  Maximum  72  inches,  minimum  36  inches,  average  48  inches.  No 
benches;  much  harder  than  Matherville  or  Sherrard;  only  slightly  banded, 
becoming  more  massive  near  the  bottom.  Sulphur  and  sulphurous  clay  in 
lenses.  Considerable  mother  coal  in  partings.  Where  thin,  the  coal  con- 
tains more  sulphur. 


"  White,  K.  D.,  Mine  notes  In  flies  of  State  Geological  Survey. 
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Floor:  Dark  sandstone  and  shale,  does  not  heave.  The  coal  Is  inter- 
rupted by  laulta  at  small  dimensions,  these  mahe  steep  grades  in  places, 
but  are  not  ot  consequence  otherwise.  Figure  5  shows  the  usual  type  of 
dislocation. 


j  Limestone  XVXV   ^^ 

Fiii.  5.    Sketch  showing  fault  in  ElllHVllle  coal. 

Otih-k  0-.\l  Uei.s 

Aithougli  not  of  coiiiinercial  importance,  other  coal  beds  are  com- 
monly noted  in  drill  logs  from  the  western  pan  of  Fulton  County. 
These  are  usually  thin  and  discontinuous  and  can  rarely  be  traced  with 
certainty  more  than  half  a  mile.  The  following  extract  from  a  re- 
port on  the  Avon  Quadrangle  is  ot  interest  in  this  connection:'* 

"In  a  number  of  places  in  the  Avon  quadrangle  a  coal  bed  1  to  ZMt 
feet  thick  is  present  only  a  few  feet  below  the  Rock  Island  bed.  and  Is 
usually  overlain  by  sandstone.  This  coal  has  been  mined  by  drifts  In  a  tew 
places.  BS  In  sec.  31.  T.  9  N..  R.  1  E..  sec.  13,  T.  8  N.,  R.  1  W..  and  sec.  18, 
T.  8  N..  R.  1  E,  At  the  latter  locality  the  bed  Is  about  14  Inches  thick  and 
resembles  cannel  coal.  Many  years  ago  It  was  estenslvely  worked  tor  the 
distillation  ot  coal  oil,  in  which  process  10  retorts  were  at  one  time  in  oper- 
ation. Thirty  gallons  of  oil  are  said  to  have  been  produced  from  one  ton 
of  coal.  At  that  lime  the  clay  underlying  the  coal  was  also  mined  and 
manufactured  into  Are  brick.  A  coal  bed  belonging  to  this  horizon  Is  also 
well  exposed  In  the  banks  ot  Cedar  Creek  In  sees.  23  and  26,  T.  9  N.,  R,  1  W." 
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GREEXE  COUNTY 

General  Statement 

Greene  County  lies  in  the  southwest  margin  of  the  coal  basin,  and 
shows  a  more  complete  section  of  the  "Coal  Measures"  than  any  of  the 
counties  south  of  Fulton  (PI.  IB).  It  includes  a  portion  of  the 
McLeansboro,  much  of  the  Carbondale,  and  some  of  the  Pottsville 
formations. 

Production  and  Mines 

Mining  has  at  no  time  been  very  active  in  this  county,  but  from 
a  relatively  early  date,  local  banks  have  been  worked  in  Colchester 
(No.  2)  coal  in  the  vicinity  of  Roodhouse,  Whitehall,  and  Carroll- 
ton.  The  Greenfield  bed  has  been  exploited  less  continuously,  but  at 
present  is  producing  about  TO  per  cent  of  the  coal  reported  from 
the  county.  In  V.)22  the  report  of  the  Department  of  Mines  and 
Minerals  recorded  five  mines  producing  a  total  of  3,000  tons,  while  in 
1923  the  three  mines  listed  a  total  of  over  8,000  tons.  Earlier  records 
show  as  many  as  nine  local  banks  with  a  total  production  of  less  than 
10,000  tons. 

Area  underlain  by  workable   coal 204  sq.  mi. 

Average  thickness   24  inches 

Amount  available  originally  461,000,000  tons 

Production,  year  ending  June  30,  1923 8,811  tons 

Average  annual    production,    1919-1923 24,171  tons 

Total  production  recorded   407,006  tons 

Stratigraphy 

plkistocene  system 

The  Pleistocene  deposits  are  from  100  feet  to  120  feet  thick,  show- 
ing the  usual  gray  drift  with  yellow  loess  on  toj),  the  latter  being  rel- 
atively thin  in  the  area  underlain  by  the  Pennsylvanian  beds. 

1»ENNSYLVANIAN   SYSTEM 

The  "Coal  Measures"  underlie  only  the  eastern  half  of  the  county, 
the  boundary  line  showing  marked  irregularity  because  of  the  combi- 
nation of  the  thinness  of  the  Pennsylvanian  section  and  the  topographic 
relief  along  the  major  streams.  Thus,  there  is  a  westward  projection 
in  the  high  land  near  Drake,  in  T.  \2  X.,  R.  12  \V.,  while  the  valleys 
of  Apple  Creek  and  Macoupin  Creek  cause  marked  reentrants  of  from 
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5  to  15  miles.    A  few  square  miles  in  the  extreme  southeastern  part  of 
the  county  are  probably  underlain  by  Pennsylvanian  beds. 

From  a  feather  edge  at  the  west,  the  Pennsylvanian  thickens  to 
more  than  150  feet  at  the  east.  The  rocks  commonly  outcrop  near 
the  margin  of  the  Pennsylvanian  area,  but  are  mainly  concealed  else- 
where. A  typical  section  for  the  county  is  given  by  Worthen,^^  as 
follows : 

Typical  section  of  Pennsylvanian  strata  in  Greene  County 

Description  of  strata  Thickness 

Feet 

Compact  brown  limestone 2 — i 

Bituminous  shale    1 

Coal  No.  6 6 

Shaly  clay  and  nodular  limestone 3 — 4 

Shale    15—20 

Bituminous  shale    2 — 3 

Coal   No.   5 2—3 

Arenaceous  shales  and  sandstone 25 — 30 

Bituminous  shale,  passing  to  coal  No.  3? 2 

Sandstone  and  shale 40 — 50 

Coal— Tulison's  and  Nettle's  coal  No.  1 2—3 

Nodular  steel-gray  limestone,  sometimes  replaced  with  fire  clay, 

as  at  Tulison's 4 — 6 

Shale  and  sandstone,  passing  locally  into  conglomerate 15 — 20 


Total    153 

From  east  to  west,  the  upper  beds  recorded  in  drill  logs  appear  to 
be  older,  the  recognized  McLeansboro  beds  extending  only  two  or  three 
miles  into  the  county.  The  important  beds  in  the  section  are  the  lime- 
stone cap- rock  over  the  Relleville  ( No.  6)  coal  which  is  rejxjrted  to  out- 
crop in  sec.  30,  T.  10  N.,  R.  10  W.,  the  nodular  limestone  which  out- 
crops in  sec.  27,  T.  10  X.,  R.  11  \V.,  and  the  2-foot  coal  which 
outcrops  in  sees.  24  and  25,  T.  12  N..  R.  10  W.  and  in  sec.  12,  T.  10 
X.,  R.  12  \V.  The  relations  between  the  coals  in  the  various  parts  of 
the  county  are  not  well  understood,  since  the  rock  section  appears 
to  vary  considerably  from  place  to  place.  The  following  sections  are 
selected  to  show  the  character  of  the  strata  in  various  parts  of  the 
county.    The  section  at  Roodhouse,  T.  12  X.,  R.  12  W.  is  as  follows: 


"Worthen,  A.  H..  Oool.  Survey  of  111..  Vol.  Til,  p.  124.  1868. 
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Section  of  Pennsylvanian  strata  near  Roodhousc 


Description  of  strata 


Pleistocene  system  

Pennsylvanian  system 

Soapstone    

Coal,  elevation  563  feet 

Clay    

"Cap-rock" — brecciated  limestone   

Shale    

Slate  and  coal  

Fire  clay  

Soapstone   

Mlssissippian  system 

A  boring  from  sec.  15,  T.  10  N.,  R.  11  W.,  six  miles  east  of  Carroll- 
ton  records  the  following  section: 


Thickness 

Depth 

Ft, 

Ft, 

73 

73 

14 

87 

2 

89 

5 

94 

16 

110 

19 

129 

3 

132 

3 

135 

2 

137 

Section  of  Pennsylvanian  strata  near  Carrollton 


Description  of  strata 


Pleistocene  system 

Pennsylvanian  system 

Shale,  red 

Shale,  black  with  1-inch  coal. 

Limestone 

Shale,  blue,  with  sand  strata, 

Coal 

Shale,  blue 

Shale,  white 

Shale,  red 

Shale,  green 

Shale,  blue 

Mlssissippian  system 

Rock,  white 


Thickness 


Depth 


Ft. 
40 

4 

1 

2 

108 

•       •       V 

4 

6 

12 

2 

30 

10 


In 


8 


Ft. 
40 

44 
45 
47 
155 
155 
159 
165 
177 
179 
209 

219 


In. 


8 
8 
8 
8 
8 
8 

8 


A  section  near  the  boundary  of  the  Pennsylvanian  north  of  Macoupin 
Creek  is  as  follows : 
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eSction  of  Pennaylvanian  strata  north  of  Macoupin  Creek  in  Greene  Count p 
Description  of  strata  Thickness  Depth 


r «.. 

Limestone,  nodular 3 

Shale,  soft,  light  gray  to  dark 2 

Shale,  base  medium  gray 15 

Shale,  black ' 

Coal 2 

Shale,  soft,  grades  down I 

Sandstone  shale 15: 


In. 

Fi'. 

7n. 

6 

3 

6 

■   • 

5 

6 

•   • 

20 

6 

6 

21 

•     m, 

■  ■ 

23       1 

m     m 

«     a 

24       ! 

m     • 

■     • 

39-^- 

•     • 

The  base  of  the  Pennsylvanian  does  not  appear  to  be  as  irregular 
as  farther  north,  although  moderate  relief  is  in  evidence  in  all  ex- 
posures. 

Structure 

The  Pennsylvanian  beds  show  a  regional  eastward  dip  of  low  de- 
gree. Local  warping,  or  original  inequalities,  appear  in  all  the  mines. 
Some  minor  ffactures  of  one  or  two  feet  in  magnitude  appear  in  most 
openings.  It  is  not  clear  whether  these  fractures  and  the  slickensides 
which  affect  the  clay  associated  with  the  coal  are  the  result  of  differen- 
tial slipping  coincident  with  consolidation,  or  whether  they  are  related 
to  later  movement.  Detailed  structural  studies,  as  yet  uncompleted 
in  this  and  adjacent  areas,  will  be  the  basis  of  a  later  Survey  report. 

Colchester  (Xo.  2)  Coal 

The  oldest  coal  mined  in  Greene  County  is  that  in  sec.  24,  T.  12 
N.,  R.  10  W.,  and  along  Wolf  Run,  east  of  Whitehall.  Essentially 
the  same  sequence  of  strata  appears  in  all  workings,  and  one  from 
Wolf  Run  may  be  taken  as  typical : 

Section  of  Pennsylvanian  strata  i7i  Wolf  Run  east  of  Whitehall 

Description  of  strata  Thickness 

Ft.  In. 

Shale,  gray 15 

Shale,  black   gi^ 

Sulphur   1  ^ 

Coal 4Vi 

Sulphur    % 

Coal  1 

Sulphur    ^ 

Coal   3 
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Section  of  Pennsylvanian  strata  in  Wolf  Run  east  of  Whitehall — Concluded 

Description  of  strata  Thickness 

Ft.         In. 
Charcoal   and   sulphur % 

Coal 4% 

Fire  clay,  soft 12 

The  coal  probably  underlies  nearly  all  the  area  mapped  as  Penn- 
sylvanian, so  that  with  an  average  thickness  of  24  inches  a  consider- 
able tonnage  of  reserve  coal  is  available  when  conditions  permit  mining 
thin  beds. 

Greenfield  Coal 

Along  the  eastern  margin  of  the  county  there  is  an  irregular  dis- 
tribution of  a  considerably  thicker  coal  which  lies  well  up  in  the  Penn- 
sylvanian section  and  may  be  the  representative  of  the  Belleville  (No. 
6)  bed  of  Macoupin  County.  Some  development  of  this  coal  area 
has  been  made  near  Greenfield,  T.  10  N.,  R.  10  W.  It  has  been  mined 
also  east  of  Rockbridge,  to  a  lesser  extent  southwest  of  Athensville, 
T.  12  N.,  R.  10  W.,  and  in  the  earlier  days  southeast  of  Roodhouse, 
T.  12  N.,  R.  11  \V.  The  section  showing  its  maximum  development 
in  the  mine  of  the  Greenfield  Coal  Company  is  as  follows : 

Section  of  Pennsylvanian  stiata  in  the  mine  of  the  Greenfield  Coal  Company^ 

Description  of  strata  Thickness 

Inches 
Soapstone  roof    

Top  coal,  thickness  not  measured 

Coal    13 

Shale  and  pyrite  band ^ 

Coal    5 

Pyrite  lens  1 

Coal    18 

Pyrite  lens   % 

Coal    6% 

Pyrite  lens   % 

Coal    33J^ 

Dark   gray   floor   clay 


V     • 


•    • 


•    • 


The  thicker  coal  is  not  known  to  underlie  as  much  as  one  square 
mile  in  any  case,  so  that  while  locally  of  importance,  this  bed  can  not 
be  considered  of  consequence  in  an  estimate  of  the  resources  of  the 
county. 
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HANCOCK  COUNTY 

General  Statement 

Hancock  County  lies  in  the  extreme  west  margin  of  the  Illinois 
coal  field,  and  except  for  certain  small  outliers,  the  Pennsylvanian  beds 
are  found  only  along  the  east  margin,  and  they  are  thin  in  most  places 
(PI.  I  A). 

Production  and  Mines 

There  are  no  shipping  mines  operating  in  the  county,  and  the  1923 
report  of  the  Department  of  Mines  and  Minerals  lists  seven  local 
mines,  all  in  the  vicinity  of  Augusta,  which  produced  a  total  of  9,313 
tons  during  the  fiscal  year. 

Area  underlain  by  workable  coal 7  sq.  mi. 

Average  thickness   30  inches 

Amount   available   originally 19,270,000  tons 

Production,  year  ending  June  30,  1923 9,313  tons 

Average  annual  production,  1919-1923 27,015  tons 

Total  production  recorded 243,473  tons 

Stratigraphy 

pleistocene  system 

The  Pleistocene  deposits  are  prominent  over  the  whole  county, 
and  their  thickness  makes  the  placing  of  the  boundary  of  the  Penn- 
sylvanian beds  difficult.  The  Pleistocene  varies  from  20  to  75  feet 
in  thickness,  the  upland  having  an  average  of  20  to  60  feet.  The  beds 
are  similar  to  those  described  for  adjoining  counties,  having  loessial 
clay  on  top  averaging  nearly  10  feet  in  thickness,  with  hardpan  or 
gravelly  clay  at  the  base,  containing  oc(*asional  lenses  of  sand  and 
gravel. 

PENNSYLVANIAN  SYSTEM 

The  Pennsylvanian  beds  are  thin,  comprising  sandstone  and  shale, 
with  few  and  thin  coals  and  some  conglomerate.  The  outcrops  of 
the  Pennsylvanian  are  fairly  abundant  along  the  stream  channels  in 
the  entire  easternmost  tier  of  townships  in  Hancock  County.  For 
the  most  part,  the  exposed  sections  are  less  than  10  feet  in  thick- 
ness, but  locally  30  feet  or  more  appear.  In  all  except  the  south- 
east part  of  the  county  the  outcrops  are  mainly  sandstone  with 
minor  amounts  of  shale.  A  few  inches  of  coal  "blossom"  ap- 
pears in  places.  The  maximum  thickness  of  the  Pennsylvanian  is  a 
little  less  than  100  feet.     So  great  a  thickness  appears  only  in  the 


Hancock  county 


M 


extreme  southeast  part  of  the  county  where  considerable  thicknesses 
of  Carbondale  beds  appear  over  Colchester  (No.  2)  coal.  In  this  part 
of  the  county  the  upper  part  of  the  sections  includes  some  limestone. 
This  is  perhaps  the  only  distinctive  bed  in  the  Pennsylvanian  section, 
but  because  of  its  limited  extent,  it  is  of  no  value  for  stratigraphic 
purposes.  There  is  no  other  prominent  bed  except  Colchester  (No.  2) 
coal.  Two  coal  beds  appear  in  the  southeast  part  of  the  county,  but 
the  lower  bed  is  much  less  widespread  than  the  upper.  The  interval 
between  the  two  ranges  from  2  feet  to  more  than  8  feet.  The  fol- 
lowing logs  give  a  general  conception  of  the  Pennsylvanian  in  Hancock 
County : 

Log  of  boring  near  Augusta,  T.  3  N.,  R.  15  W. 


Description  of  strata 


Thickness 


Depth 


Ft. 

Pleistocene  system  ' 

Black  soil i  3 

Yellow  clay '  10 

White  sand i  3 

Blue  clay 15 

Boulders 4 

Pennsylvanian  system 

Slate 

Soapstone 14 

Coal 3 

Fire  clay 12 

Sandstone 10 

Ftre  clay 6 


In. 


10 


10 


Ft. 


In. 


3 

10 

13 

10 

16 

10 

31 

10 

35 

10 

36 

8 

50 

8 

53 

8 

65 

8 

75 

8 

82 

2 

Another  log  records  55  feet  of  Pleistocene  with  34  feet  of  shale  and 
sand  below.  The  following  shaft  logs  indicate  the  succession  in  the 
extreme  eastern  part  of  the  county : 


Shaft  log  of  the  Augusta  Coal  Company 

Description  of  strata  Thickness  Depth 

Feet  Feet 

Shale,  light  gray 33  33 

Coal 3  36 

Clay,  light  gray 7  43 

Coal  "cannel"    2%  45% 

Clay    
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Shaft  log  of  the  Ehben  Mine,  sec.  26,  T.  S  N.,  R.  5  W. 


Description  of  strata 


Thickness 


Depth 


Ft. 

Surface 10 

Sandstone,  light  brown 26 

Limestone,  light  to  medium  gray 9 

Shale,  black  "slate" i  6 

Shale,  gray  "soapstone" 32 

Coal 3 

Clay,  light  gray 2 

Coal '  2 

Clay I  3 


In 


Ft, 

In. 

10 

36 

45 

51 

83 

86 

88 

6 

90 

8 

93 

8 

The  Pennsylvanian  beds  lie  in  overlap  relations  to  the  Mississip- 
pian  limestone  series  below.  This  lower  surface  is  somewhat  uneven, 
but  the  records  do  not  show  the  marked  relief  which  appears  in  ad- 
joining counties.  More  detailed  information  will  doubtless  reveal  the 
presence  of  greater  irregularity  than  now  appears. 

Structure 

The  Pennsylvanian  beds,  while  maintaining  a  general  flat  attitude, 
probably  have  a  slight  eastward  dip.  Minor  warping  is  marked  where 
mining  operations  have  made  it  possible  to  follow  given  beds  for  any 
distance.  Thus,  in  the  Williams  Creek  area,  the  coal  shows  a  gen- 
eral southwest  and  west  dip,  in  places  this  being  compensated  by 
equivalent  eastward  and  northeastward  dips.  These  show  inclinations 
as  high  as  seven  degrees  for  100  yards.  Whether  these  variations  in 
altitude  are  original  and  represent  irregularities  in  the  basin  of  depo- 
sition, or  whether  they  are  warps  induced  by  subsequent  folding,  is 
not  clear  from  present  data.  The  fact  that  the  coal  commonly  be- 
comes thinner  in  places  where  it  is  higher  favors  the  idea  that  these 
basins  are  original  and  not  structural. 


COLCHKSTER   COAL 

The  only  coal  field  in  the  county  important  at  present  is  in  the 
extreme  southeastern  corner  in  T.  3  X.,  R.  5  W.  where  Colchester 
(No.  2)  coal  from  24  to  30  inches  thick  underlies  an  area  estimated  at 
about  seven  square  miles.  It  has  no  persistent  parting,  although  the 
upper  part  is  usually  harder  and  brighter  than  the  lower.  A  typical 
section  is  as  follows  : 
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Typical  section  of  Colchester  coal  in  southeastern  Hancock  County 

Description  of  strata  Thickness 

Ft.         In, 

Gray  shale  roof 

Pyrite   Ih^ 

Coal    4% 

Pyrite   % 

Coal    7% 

Pyrite    % 

Coal    16% 

Underclay    4       

The  lower  part  shows  more  distinci  banding  of  bright  and  dull  coal, 
and  a  larger  per  cent  of  charcoal.  The  roof  of  this  coal  is  gray  shale 
uniformly  in  this  county,  although  a  few  miles  to  the  east  in  Schuyler 
County  the  shale  is  replaced  by  sandstone.  The  floor  material  is  as 
usual  for  Colchester  (No.  2)  coal,  a  light  gray  plastic  clay.  No  other 
coal  is  worked  in  this  county,  except  in  those  places  where  the  lower 
bed,  as  at  the  Ebben  mine,  is  separated  from  the  main  bed  by  only 
two  or  three  feet  of  shale.  This  lower  bed  is  commonly  called  the 
"cannel  coal"  from  its  subconchoidal  fracture  and  its  massive  appear- 
ance. While  resembling  the  cannel  coal,  it  possibly  does  not  have  the 
chemical  or  organic  composition  which  is  essential  for  a  true  cannel. 

Other  Coal  Beds 

West  of  the  main  boundary  of  the  coal  field  in  Hancock  County,  as 
mapped  in  Rs.  5  and  6  W.,  are  one  or  more  isolated  patches  of  coal 
which  have  been  worked  or  reported.  These  may  be  connected  with  the 
main  field  but  more  likely  constitute  outliers  both  of  the  coal  and  of  the 
Pennsylvanian  beds  as  a  whole.  Such  a  one  appears  in  sec.  34,  T.  3  N., 
R.  6  W.  Coal  was  similarly  reported  along  Crooked  Creek  in  T.  5 
N..  R.  C)  W.  This  coal  was  12  inches  thick,  and  presumably  lies  be- 
low the  regular  Colchester  coal,  although  it  may  be  the  thin  western 
edge  of  that  bed.  Old  coal  workings  are  reported  from  sec.  13, 
T.  4  N.,  R.  8  W.,  and  a  14-inch  coal  was  reported  from  sec.  4.  T.  5 
N.,  R.  8  W.,  and  sec.  32,  T.  6  N.,  R.  8  W.  At  Nauvoo  a  thin  coal 
was  found  immediately  below  the  drift,  and  was  stripped  at  an  early 
date  by  the  Mormon  settlers. 

It  thus  appears  that  over  most  of  the  county  there  is  a  possibility 
of  finding  thin  patches  of  Pennsylvanian  rocks  with  or  without  coal. 
While  coal  in  this  general  area  may  reach  a  thickness  sufficient  to  make 
it  possible  to  mine,  it  will  never  be  found  sufficiently  widespread  to 
make  more  than  local  mining  attractive.     When  the  Mississippian  sur- 
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face  is  known  in  greater  detail,  probably  it  will  be  found  that  the  ma- 
jority of  the  Pennsylvanian  rock  patches  constitute  outliers  separated 
from  the  main  coal  field  by  distances  ranging  from  1  to  20  miles. 

HENDERSON  COUNTY 
General  Statement 

Henderson  County  lies  on  the  western  margin  of  the  Illinois  coal 
field  so  that  only  the  southeastern  portion  of  the  county  is  underlain 
by  Pennsylvanian  strata  (PI.  I  A).  Within  this  area  the  workable 
coal  is  confined  to  the  SE.  3^  of  T.  8  N.,  R.  4  W. 

No  shipping  mines  have  ever  been  operated  in  the  county,  and  no 
local  banks  have  been  conmiercially  operated  for  many  years,  although 
in  the  past  some  coal  has  been  dug  in  sec.  26,  T.  9  N.,  R.  4  \V. 

Area  underlain  by  workable  coal 22  sq.  mi. 

Average  thickness    29  inches 

Amount   available   originally 59,580,000  tons 

Stratigraphy 

pleistocene  system 

The  Pleistocene  is  reported  16  to  80  feet  thick,  being  thicker  in 
the  southeastern  part  of  the  coal  area  where  it  effectively  conceals  the 
bed  rock.  The  deposit  comprises  yellow  and  blue  clay  with  subordi- 
nate sand  and  gravel. 

PENNSYLVANIAN   SYSTEM 

The  Pennsylvanian  beds  are  thin ;  the  maximum  thickness  reported 
is  in  sec.  25,  T.  9  N.,  R.  4  W.,  where  it  is  less  than  40  feet.  The  only 
known  outcrops  of  Pennsylvanian  beds  are  in  the  northwest  part  of 
T.  8  N.,  R.  4  W.  (Raritan  Township)  and  along  the  small  creek  in 
the  NE.  J4  sec.  26,  T.  9  N.,  R.  4  W.  These  reveal  gray-white  sand- 
stone underlain  by  thin  coal  in  places,  elsewhere  by  shale  or  more  shaly 
sandstone.  Drilling  shows  the  sandstone  to  be  as  much  as  30  feet 
thick  and  to  make  up  most  of  the  Pennsylvanian  section.  The  upper- 
most sandstone  is  probably  continuous  over  the  Pennsylvanian  area, 
probably  overlapping  the  lower  coal-bearing  beds  on  the  west  and 
hence  underlain  there  by  the  Mississippian  beds.  Two  coals  appear  in 
the  area,  and  if  the  reported  logs  can  be  relied  upon,  there  is  still 
another  carbonaceous  zone  which  includes  coal  in  places.  The  upper- 
most coal  lies  more  than  700  feet  above  seal  level.  The  next  lower 
is  at  about  680  feet,  while  the  questionable  zone  is  at  about  650  feet. 
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The  uppermost  is  the  best  known,  and  probably  the  most  valuable.  It 
has  been  identified  as  the  Colchester  (No.  3)  coal,  and  appears  to  have 
its  best  development  in  T.  8  N.,  R.  4  W.,  where  it  is  re[X)rted  about 
30  inches  thick.  It  has  also  been  mined  in  T.  9  "N.,  R.  4  W.  in  a  small 
way.  The  roof  is  sandstone,  locally  conglomeratic,  and  is  somewhat 
fractured  so  that  workings  must  be  carefully  timbered.  The  floor  is 
gray  plastic  underclay  several  feet  thick.  The  other  coals  are  known 
only  from  drill  logs,  and  have  similar  roof  and  floor.  They  vary  in 
thickness  from  6  to  36  inches. 

HENRY  COUNTY 

General  Statement 

Henry  County  lies  near  the  northern  edge  of  the  Pennsylvanian 
area  and  hence  includes  a  portion  of  its  boundary  in  the  northern  town- 
ships (PI.  I  A).  Because  of  the  excessive  thickness  of  the  drift,  the 
exact  position  of  this  boundary  can  not  be  determined.  It  lies  approxi- 
mately parallel  to  and  a  little  south  of  Green  River  in  the  eastern 
part  of  the  county,  bending  north  to  Rock  River  a  little  east  of  Gene- 
seo,  and  following  the  Rock  to  the  western  edge  of  the  county.  Thus 
the  southern  three-fourths  of  the  county  is  underlain  by  "Coal  Meas- 
ures" and  within  this  area  mining  has  been  done  in  most  of  the  marg- 
inal townships  leaving  a  group  of  six  in  the  interior,  Tps.   15  and 

16  N.,  Rs.  2,  3,  and  4  E.,  which  are  scarcely  prospected. 

Production  and  Mines 

Local  mines  are  operated  in  most  parts  of  the  county,  although 
but  one  shipping  mine  is  now  running.  There  are  several  mines  in 
the  vicinity  of  Kewanee,  some  near  Geneseo  and  Briar  Bluff  and  a 
recently  opened  mine  near  Warner.  To  the  south  is  the  new  Shuler 
mine,  located  at  Alpha  on  the  Chicago,  Burlington  and  Quincy  Rail- 
road. 

The  1923  report  of  the  Department  of  Mines  and  Minerals  lists 

17  local  mines,  having  a  total  tonnage  of  58,074  for  the  fiscal  year. 

Area  underlain  by  workable  coal 307  sq.  ml. 

Average  thickness   43  inches 

Amount  available  originally 1,247,530,000  tons 

Production,  year  ending  June  30,  1923 58,074  tons 

Average  annual  production,  1919-1923 190,425  tons 

Total   production   recorded 4,754,791  tons 


bz  ci>ai.  hksiilkces  of  distkict  111 

Stkatigkapiiy 

plk[  stock  xf.  svstem 

The  surface  covtriiiK  of  Ht-nry  C'lmnty  rant;es  from  a  few  feet 
to  more  than  12.")  feet  in  thickness.  ]|  in  relatively  thin  ainng  the 
nonhem  margin  of  the  coal  il'idf,  aUli()uj;h  thicker  at  the  north  margin 
of  the  coal-twaring  beds.      Ditlerenccs  in  ihickne.ss  amounting  to  more 


Fiii.  6.  Loesa  slope  gullied  by  rainwasli.  Remnant 
allows  tendency  ot  this  material  to  stand  In  vertical 
walls  when  capped  by  sod.    Henry  County. 

than  100  feet  are  known  in  tlie  same  township,  near  Annawan.  where 
a  deep  i>osl-['ennsylvanian  valley  is  suggested  hy  drill  records.  The 
surlicial  material.s  comprise  the  usual  glacial  till  with  interbedded  sand 
and  gravel  locally  covered  with  varying  thickness  of  loess.  Slopes 
covered  with  this   light  clay  are  easily  gullied  by  rain  wash,  so  that 
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Otherwise  valuable  farm  land  is  rendered  unsuitable  even  for  grazing 
purposes.  Figure  fi  shows  the  character  of  this  erosion,  and  illus- 
trates well  the  tendency  of  the  loess  to  stand  with  vertical  walls.  Be- 
cause of  this  heavv  cover  of  drift  and  alluvium,  the  bed  rocks  of  the 
area  are  but  rarely  exposed. 

PKNNSVLVAXrAN   SYSTEM 

Outcrops  of  the  Pennsylvanian  beds  are  confined  to  the  valley  of 
Rock  River  above  Cleveland,  to  Mineral  Creek  east  of  Briar  Bluflf  and 
its  main  tributaries  from  the  south,  and  to  the  vicinity  of  Galva.  Even 
these  exposures  are  limited,  and  reveal  but  a  few  feet  of  beds  at  any 
point.  The  best  outcrops  are  in  the  neighborh(K)d  of  Briar  Bluff  where 
the  Pennsylvanian  system  is  thin  and  the  basal  beds  exposed  lie  but  a 
few  feet  over  the  Devonian  limestone.  Here  the  following  section  has 
been  described : 

Section  of  Pennsylvanian  strata  exposed  near  Briar  Bluff,  Henry  County 

Description  of  strata  Thickness 

Ft.         In. 
Sandstone,  light  to  medium  gray,  platy,  carbonaceous  partings, 

base  uneven    16 

Limestone,  argillaceous,   dark  gray,  upper  part  massive,  lower 

less  clayey   2 

Clod,  well  jointed,  dark 9 

Coal,  with  shale  parting 4 

Concealed    10 

Sandstone,  light  gray,  thin-bedded,  grades  in  basal  10  inches  to 

black  shale 4 

Shale,  black  to  dark  gray,  several  bands  of  clay  ironstone  con- 
cretions, base  concealed    22 

Very  few  logs  record  the  l)eds  below  the  upper  coal  of  the  county 
so  that  there  is  little  information  as  to  the  thickness  and  character  of 
the  Pennsylvanian.  A  well  at  Kewanee,  which  records  what  appear 
to  be  Pennsylvanian  beds  at  'iOO  feet,  has  no  record  for  the  next  lower 
1J)()  feet  so  that  there  is  a  i)()ssibilitv  that  the  system  is  3*^4  feet  thick 
there.  Another  record  at  Kewanee  shows  '^S()  feet  of  strata  above 
the  Devonian  limestone.  A  log  from  near  Galva  records  what  appear 
to  be  Pennsylvanian  beds  for  W^'Z  feet.  In  the  vicinity  of  Alpha,  a 
total  of  Sf).")  feet  of  strata  overlies  the  first  thick  limestone.  To  the 
north,  along  Rock  and  Green  rivers,  the  'X'oal  Measures'*  thin  to  a 
feather  edge.  Here  the  uppermost  beds  are  apparently  identical  with 
those  which  lie  near  the  top  of  the  section  in  the  southern  portion  of 
the  county.     This  relationship  strongly  suggests  that  the  beds  making 
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Up  the  lower  part  of  the  thick  Pennsylvanian  section  in  the  southern 
part  of  Henry  County  do  not  extend  to  the  north  edge  of  the  coal  field 
and  are  distinctly  older  than  the  l>eds  outcropping  there. 

Comparison  of  data  from  all  parts  of  the  county  indicates  that 
the  Pennsylvanian  system  includes  a  large  amount  of  shale,  which  is 
in  part  sandy,  sandstone  being  much  more  prominent  in  the  upper  pan 
of  the  section  than  in  the  lower. 

Few  beds  in  the  entire  section  are  identifiable  over  any  large  part 
of  the  county.  Identification  is  almost  impossible  from  drill  logs,  and 
over  much  of  the  county  there  are  no  mines  or  outcrops.  The  4- 
foot  coal  mined  at  Galva  and  Kewanee  with  its  cap  limestone  is  recog- 
nizable over  the  southeastern  part  of  the  county.  Similarly,  the  Rock 
Island  coal  and  its  cap- rock  are  known  to  imderlie  a  large  part  of  the 
area  west  and  north  of  Cambridge.  Below  this  coal  there  is  com- 
monly found  a  thick  bed  of  dark  gray  to  black  shale.  Aside  from 
these,  no  beds  are  known  to  have  a  wide  distribution  in  the  county. 

Coal  beds  are  found  in  all  parts  of  the  county.  They  are  not  re- 
stricted to  any  one  part  of  the  Pennsylvanian  system,  but  come  in  at 
irregular  intervals,  in  the  upper  or  lower  part.  At  the  north  where 
the  total  section  is  thin,  there  are  rarely  more  than  two  coals  found, 
and  of  these  in  many  places  only  the  lower  is  thick  enough  to  work. 
Farther  south,  both  at  the  east  and  west,  several  beds  are  found,  as 
in  the  following  log: 

Log  of  boring  in  southern  Henry  County 


Description  of  strata 


Upper  clays  and  sand 

"Slate",  gray 

Sand  rock,  white 

"Slate",  black,  gritty. 
Coal 


Fire  clay,  white 

Coal 

Fire  clay,  light  blue 
Rock,  hard,  gritty. . . 

Sand  shale,  blue 

Sandstone,  bluish 

Shale,  blue 

Shale,  gray 

"Slate",  black 

Coal 

Fire  clay,  blue 


Thickness 

Depth 

Ft. 

In. 

Ft. 

In. 

50 

m    • 

50 

m    m 

3 

•  ■ 

53 

m    • 

4 

•  • 

57 

■  • 

2 

•  ■ 

59 

•  • 

2 

9 

61 

9 

•  • 

9 

62 

6 

•  ■ 

10 

63 

4 

3 

11 

67 

3 

4 

' 

71 

3 

4 

75 

3 

7 

82 

3 

14 

96 

3 

39 

135 

3 

4 

1 

139 

4 

•  • 

!    11 

140 

3 

4 

•  • 
1 

144 

3 
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Log  of  boring  in  southern  Henry  County — Concluded 


Description  of  strata 


Thickness 


Depth 


Ft. 

Sand  shale,   light '  6 

"Slate",  black j  1 

Shale,  blue |  3 

Rock,  white,  gritty,  (like  limestone) .  J  3 

Shale,  blue 4 

"Slate",  gray I  2 

Shale,  blue I  4 

Shale,  light,  gritty I  22 

"Slate",  gray i  31 

"Slate",  dark '  22 

Blue  rock,  dark '  3 

Coal ' 

Fire  clay,  white 5 

Sandstone,  light '  8 

Shale,  blue 1  13 

Shale,  brown '  2 

Shale,  light  blue '  15 

Medium  dark  shale 5 

Shale,  light |  7 

Shale,  dark I  1 

Sand  rock,  white I  2 

Coal j  2 

Fire  clay,  light I  8 

"Slate",  dark '  7 

Rock,  white  gritty '  5 

"Slate",  black |  5 

Coal I  1 

Fire  clay,  light '  3 

Fire  clay,  white 10 

Rock,  hard  flinty 1 


In 


6 

4 

4 

10 


7 
5 


Ft. 
150 

151 

154 

157 

161 

163 

167 

189 

220 

242 

246 

246 

252 

260 

273 

275 

290 

295 

302 

303 

305 

307 

316 

323 

328 

333 

334 

337 

347 

348 


In. 
3 

3 

3 

3 

3 

3 

3 

3 

3 

1 
5 
3 
3 
3 
3 
3 
3 
3 
3 
3 
10 
3 
3 
3 
3 
3 
3 
3 
3 


The  relations  between  the  coal  beds  in  the  several  parts  of  the 
county  are  not  known,  but  it  appears  that  the  lower  coals  thin  and 
pinch  out  northward  as  the  pre-Pennsylvanian  surface  rises.  Lack  of 
records  of  deep  drilling  makes  it  impossible  to  even  suggest  the  char- 
acter of  the  pre-Pennsylvanian  surface. 

Structure 

The  basin  in  which  these  beds  were  deposited  apparently  had  a 
gentle  slope  to  the  south  and  this  presumably  gave  the  marginal  strata 
a  tendency  toward  a  southerly  regional  dip.  Aside  from  this,  there 
is  slight  evidence  of  any  general  deviation  from  the  horizontal. 
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Local  variations  from  the  horizontal  are  common.  Thus,  in  the 
Briar  Bluff  area,  the  Rock  Island  coal  shows  22  feet  of  relief  in  half 
a  mile,  and  near  Sunny  Hill  shows  88  feet.  It  maintains  the  same 
general  elevation,  however,  over  more  than  five  townships.  Siniilarlv. 
near  Kewanee  the  Sheffield  coal  ranges  from  ()>^'}  to  748  feet  above 
sea  level,  and  shows  but  little  more  relief  in  the  whole  district  between 
Sheffield  and  (ialva. 

Sheffield  Coal 

The  main  coal  field  is  in  the  southeastern  part  of  the  count}' — 
the  Kewanee- Gal va  area.  The  Sheffield  coal  which  formerly  \va^ 
mined  in  a  number  of  places  near  Galva  is  now  mined  rather 
extensively  north  of  Kewanee.  This  bed  has  not  been  positively 
identified  in  other  parts  of  the  county  although  one  of  the  bed-i 
of  the  Alpha  section  will  i)robably  be  correlated  with  it.  In  the  mines 
the  bed  is  al>out  four  feet  thick,  but  since  the  workings  are  restricted 
to  the  thicker  coal,  it  is  probable  that  outside  the  area  in  which  the 
coal  is  mined  it  averages  less  than  three  feet.  Future  exploration  may, 
however,  show  a  number  of  small  basins  similar  in  extent  and  char- 
acter to  those  about  Kewanee  and  (jalva  in  which  this  coal  is  suffi- 
ciently thick  to  be  commercially  important.  In  estimating  the  re- 
sources, the  entire  area  is  assumed  to  contain  coal  42  inches  thick. 

The  coal  bed  commonly  has  a  shale  parting  of  two  inches  or  less, 
which  separates  the  bed  into  two  benches.  This  parting  is  not  readily 
separated  from  the  coal  and  causes  considerable  loss ;  in  some  mines 
this  band,  together  with  all  pyrite  lenses,  is  gobl)ed  so  that  an  especially 
clean  coal  is  i)roduce(l.  The  u|)per  bench  is  commonly  separated  by 
two  or  more  charcoal  partings  which  are  discontinuous  and  which  do 
not  split  the  coal  into  definite  benches. 

The  roof  is  quite  satisfactory  in  most  mines.  It  is  black  fissile 
shale,  the  "slate"  of  the  miners,  and  has  a  limestone  from  4  to  T2 
inches  above  it.  This  limestone  is  the  usual  cap-rock  of  the  Belleville 
(No.  G)  coal  of  the  Illinois  section,  and  ranges  from  18  to  24  inches 
in  thickness. 

The  floor  of  the  coal  is  a  gray  clay,  ranging  from  18  to  48  inches 
in  thickness.  It  is  usually  so  dry  and  hard  as  to  give  little  trouble 
from  heaving.  Locally  it  contains  carbonaceous  matter  in  which  ex- 
cellent plant  fossils  have  been  found. 

In  most  mines  of  the  district,  clay  slips  or  "horsebacks"  are  com- 
mon. No  ])art  of  the  area  seems  to  be  free  from  them,  although  they 
may  be  encountered  only  in  one  part  of  a  given  mine.  These  shps  are 
similar  to  the  well  known  dislocations  of  the  No.  5  coal  of  the  Spring- 
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field- Peoria  district.  Each  slip  involves  a  zone  varying  from  less  than  6 
inches  to  several  feet  in  thickness.  The  contact  of  the  clay  and  the  coal 
is  very  irregular,  the  fingers  of  clay  extending  into  the  coal  for  about  (5 
inches  on  either  side  of  the  main  body.  Ordinarily  there  is  no  thickening 
of  the  coal  at  these  slips,  but  instances  of  this  have  been  recorded. 

The  coal  bed  is  affected  by  the  usual  irregularities  in  roof  and 
floor,  rolls  in  either  or  in  both,  nearly  cutting  out  the  coal  for  a  few 
yards. 

Rock  Island  Coal 

An  extension  of  the  main  body  of  Rock  Island  coal  is  found  in 
the  extreme  northwest  part  of  Henry  County,  in  two  small  areas. 
The  larger  includes  part  of  T.  17  N.,  R.  1  E.  and  the  north  part  of 
T.  16  N.,  R.  1  E. ;  the  smaller  lies  in  the  vicinity  of  Cleveland  in  T.  18 
X.,  R.  2  E.  This  coal  reaches  more  than  60  inches  in  thickness  where 
mined,  but  is  thought  to  average  less  than  48  inches  for  the  area. 

The  coal  is  identical  with  that  mined  to  the  west  in  the  Coal  Val- 
ley area.  It  is  not  a  hard  coal,  although  the  upper  bench  is  harder 
than  the  lower  where  it  shows  a  shale  or  other  persistent  parting. 
Elsewhere,  it  is  apparently  uniform  in  character  from  top  to  bottom. 
It  breaks  with  an  irregular  fracture  but  shows  no  regular  jointing. 

Roof  conditions  are  generally  satisfactory.  The  coal  is  covered 
by  a  black  fissile  shale  or  "slate",  which  in  some  places  comes  down  with 
the  coal,  but  is  ordinarily  a  safe  top.  Above  the  "slate"  there  is  com- 
monly a  thin  limestone.  This  is  absent  in  places,  probably  through 
non-deposition.  The  floor  is  the  usual  underclay,  light  in  color,  hard, 
tough,  and  firm.  In  most  places  it  makes  an  excellent  working  floor, 
although  in  |)laces  there  is  a  tendency  for  the  coal  to  "freeze"  to  the 
floor.  Some  of  the  older  mines  of  the  State  were  sunk  in  this  coal 
and  in  the  Cleveland  area  this  coal  is  essentially  worked  out.  In  the 
Warner  field  there  is  still  a  considerable  tonnage  in  the  ground. 

Alpha  Coal 

In  the  vicinity  of  Alpha,  recent  exploration  has  resulted  in  the 
development  of  a  new  field  for  Henry  County.  This  probably  includes 
an  area  considerably  larger  than  that  blocked  out  for  the  present  oper- 
ations. On  the  basis  of  available  data,  this  field  is  mapped  to  include 
part  or  all  of  Tps.  14  and  15  N.  of  Rs.  1  and  2  E. 

The  coal  that  is  worked  lies  at  a  depth  of  about  200  feet  and  over 
part  of  the  field  at  least  it  has  an  average  thickness  of  nearly  five 
feet.  Two  other  coals  overlie  this  thicker  bed.  Present  infoniiation 
suggests  a  correlation  of  the  lowest  coal  with  the  main  bed  of  the  Rock 
Island  section  at  the  north. 
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Other  Coal  Beds 

Very  little  mining  is  done  outside  of  the  areas  so  far  outlined. 
Stretching  east  and  west  of  Geneseo  for  several  miles  is  an  elongate 
field  of  unknown  boundary  in  which  a  coal  has  been  mined  locally  for 
many  years.  At  the  west  end  is  the  old  Mineral  Creek  field  under- 
lain by  a  3- foot  coal  and  locally  by  an  upper  and  thinner  bed.  At 
the  east  a  similar  bed  was  mined  at  shallow  depth  near  Atkinson.  Near 
Geneseo  a  44-inch  bed  outcrops  in  the  creek  and  was  formerly  worked 
by  shaft.  For  purposes  of  estimating  the  probable  reserves  of  the 
county,  these  three  small  fields  are  combined.  It  appears  probable 
that  in  the  unmapped  area  to  the  south,  there  is  enough  coal  to  more 
than  make  up  for  the  lack  which  may  exist  in  the  area  mapped  as  coal 
land. 

Two  other  small  patches  in  Henry  County  are  known  to  contain 
some  coal,  one  near  Cambridge  and  one  near  Bishop  Hill.  One  of 
the  earliest  mines  of  this  part  of  the  State  was  located  in  the  Bishop 
Hill  region.  These  areas  are  of  unknown  extent,  but  possibly  are 
not  connected  with  any  of  the  other  fields  in  the  county.  The  coal  at 
Cambridge  was  reported  by  Shaw^"  to  be  about  3  fe?t  thick  at 
the  shaft  and  to  thicken  toward  the  south.  Neither  of  these  is  included 
in  the  estimated  coal  land  and  tonnage  of  this  county. 

Additional  coal  beds  are  recorded  in  drill  logs.  These  are  more 
numerous  in  the  southern  part  of  the  county  where  the  Pennsylvanian 
system  is  thicker  than  farther  north.  In  the  vicinity  of  Warner  and 
Lynn,  two  additional  coal  beds  are  recorded.  Two  are  also  found  in 
the  Alpha  area,  while  near  Galva,  five  coals  besides  the  Sheffield  bed 
are  listed.  Although  in  most  cases  the  additional  coal  beds  are  too 
thin  to  be  of  importance,  they  have  been  found  in  workable  thickness, 
and  it  is  probable  that  a  small  tonnage  might  be  recovered  from  them. 
Like  the  minor  coal  beds  of  Mercer  County,  however,  they  were  ap- 
parently deposited  in  basins  of  small  dimensions,  and  are  probably 
characteristically  thin  and  bony. 

JERSEY  COUNTY 

General  Statement 

Jersey  County  includes  a  portion  of  the  southwest  margin  of  the 
Illinois  field,  and  only  the  eastern  half  of  the  county  is  underlain  by 
rocks  of  "Coal  Measures"  age  (PI.  I  B).  Of  this  area,  probably  less 
than  half  is  included  in  District  III. 


"Shaw,  James,  Geol.  Surv.  of  111.  Vol.  V,  p.  195.  1870. 
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Production  and  Mines 

The  only  mines  in  the  Pottsville  or  Carbondale  coals  are  in  the 
vicinity  of  Delhi,  where  Colchester  (No.  2)  coal  is  mined  in  a  few 
local  banks.  In  1923,  no  production  was  reported  from  mines  in  that 
portion  of  Jersey  County  included  in  District  III,  although  a  small  ton- 
nage was  mined  about  1890. 

Area  underlain  by  workable  coal 11  sq.  mi. 

Average  tbickness   24  inches 

Amount  available  originally 24,600,000  tons 

Stratigraphy 

pleistocene  system 

The  cover  of  Pleistocene  is  fairly  uniform  over  the  upland,  con- 
cealing all  preglacial  irregularities,  and  giving  a  rather  smooth  upland 
surface.  This  has  been  so  incised  by  streams  as  to  produce  surface 
relief  amounting  to  more  than  150  feet.  The  surficial  materials  in- 
clude a  few  feet  of  loess  with  the  usual  bouldery  till  below.  Lime- 
stone boulders  from  the  underlying  Pennsylvanian  rocks  predominate 
in  the  till. 

pennsylvanian  system 

The  Pennsylvanian  beds  are  not  well  exposed  in  the  western  part 
of  the  area  underlain  by  this  series.  Along  Piasa  Creek  a  fairly 
complete  section  is  obtained  in  Tps.  7  and  8  N.,  R.  10  W.  On 
the  basis  of  these  and  similar  outcrops,  the  western  margin  of  the 
area  underlain  by  McLeansboro  beds  is  indicated  on  the  map  along 
the  line  slightly  west  of  Kemper,  Fidelity,  and  Brighton.  In  the  area 
assigned  to  District  III  the  Pennsylvanian  beds  overlie  the  St.  Louis 
limestone  of  Mississippian  age,  and  show  a  maximum  thickness  of 
less  than  100  feet.  Very  little  information  is  available  for  any  of  the 
area,  except  near  Delhi,  T.  7  N.,  R.  10  \V.,  where  a  few  borings  and 
one  or  two  small  openings  on  the  coal  have  been  made.  A  typical  sec- 
tion for  this  area  is  as  follows : 

Typical  Pennsylvanian  section  near  Delhi 

Description  of  strata  Thickness 

Ft.         In. 

Surface    10 

Shale,  gray  "soapstone"    20 

Shale,    black,    fissile 1 

Coal    2            6 

Underclay,  gray  plastic 3            6 
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Structure 


The  Pennsylvanian  beds  appear  to  have  a  general  easterly  dip, 
which  is  more  marked  near  the  west  margin  of  the  coal  field  because  of 
the  post- Pennsylvanian  deformation  which  brings  the  Mississippian 
strata  to  the  surface  in  the  neighborhood  of  Jerseyville.  Xo  data 
are  available  relating  to  the  details  of  the  structure,  which  w^ill  be 
presented  in  a  forthcoming  report  on  the  geology  of  Jersey  County. 

Delhi  Coal 

North  of  Delhi  is  an  area  of  about  ten  square  miles,  which  is  ap- 
parently underlain  by  a  thin  coal,  locally  called  Colchester  (No.  2). 
In  outcrops  or  in  mine  workings  the  coal  is  about  26  inches 
thick,  occurs  without  partings,  and  locally  carries  much  sulphur  in  the 
form  of  pyrite.  The  roof  is  black  fissile  shale,  the  floor,  soft  plastic 
clay  several  feet  thick,  underlain  in  some  places  by  a  nodular  and 
brecciated  limestone. 

Elsewhere,  there  is  probably  a  patchy  development  of  one  or  more 
coal  beds  which  belong  in  the  lower  Carbondale  or  Pottsville  series. 
Such  beds  have  been  noted  in  places,  but  are  apparently  never  of  suffi- 
cient thickness  and  extent  to  be  of  value. 

KNOX  COUNTY 

General  Statement 

Knox  County  lies  near  the  west  margin  of  the  Illinois  coal  field 
and  has  representatives  of  all  three  divisions  of  the  Pennsylvanian 
system  (PI.  I  A).  It  includes  a  part  of  the  margin  of  the  McLeans- 
boro  formation  which  covers  the  eastern  two-thirds  of  the  county. 
Only  the  western  tier  of  townships  is  included  in  the  area  known  as 
District  III.  Yor  purposes  of  comparison,  however,  there  is  included 
in  this  report  a  brief  discussion  of  all  the  coal  in  the  county  so  far 
as  information  regarding  it  is  at  hand. 

Production  and  Mines 

There  are  no  shipping  mines  at  present  being  operated  in  Knox 
County,  and  the  number  of  local  mines  varies  considerably  from  year 
to  year.  In  1923,  a  total  of  39  mines  producing  a  total  of  51.528  tons 
was  reported  by  the  State  Department  of  Mines  and  Minerals.  These 
mines  are  located  in  the  western  and  north-central  parts  of  the  county. 
The  largest  operations  at  present  are  at  Soperville. 

Area  underlain  by  workable  coal 517  sq.  mi. 

Average  thickness  ^ 36  Inches 

Amount  available  originally 1,727,000,000  tons 
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Stratigraphy 

pleistocene  system 

Knox  County  is  almost  entirely  covered  with  a  deposit  of  glacial 
material  which  ranges  from  about  10  to  85  feet  in  thickness.  The 
thickness  is  variable  in  all  parts  of  the  county,  and  in  places  consider- 
able unevenness  in  the  underlying  rock  surface  has  been  concealed  by 
corresponding  uneven  deposition  of  the  glacial  materials.  These  de- 
posits comprise  the  usual  sands,  gravels  and  boulder  clays,  in  beds  of 
irregular  extent.  Yellow  and  blue  clays  are  commonly  noted  in  logs 
from  the  western  part  of  the  county.  The  yellow  clay  is  a  loess-like 
deposit  i)erhaps  largely  of  wind-blown  material. 

PENNSYLVANIAN  SYSTEM 

The  whole  county  is  underlain  by  strata  of  the  "Coal  Measures". 
The  exposures  of  these  strata  are  not  uncommon,  but  the  sections 
visible  are  so  limited  vertically  and  horizontally  that  little  can  be 
learned  from  them  as  to  the  character  of  the  system  as  a  whole.  So 
far  as  the  western  part  of  the  county  is  concerned,  outcrops  are  found 
near  Soperville,  east  of  Wataga,  near  the  plant  of  the  Purington  Brick 
Company  east  of  Galesburg,  and  to  the  south  along  Cedar  Creek  west 
of  St.  Augustine. 

Relatively  little  drilling  has  been  recorded  in  Knox  County,  and 
the  available  data  comes  from  one  or  two  localities  so  that  there  is 
little  information  for  most  of  the  county.  In  rare  instances,  the  drill 
has  penetrated  beds  below  the  Pennsylvanian  and  from  these  records 
it  is  clear  that  the  Pennsylvanian  beds  are  thicker  here  than  to  the 
north  or  west.  As  much  as  300  feet  of  strata  are  reported  from  near 
Knoxville,  and  nearly  350  feet  from  a  boring  in  T.  12  N.,  R.  1  E.  In 
the  latter  record,  it  is  not  clear  that  all  of  these  beds  belong  in  the 
Pennsylvanian.  The  system  is  possibly  somewhat  thicker  in  the  east 
than  in  the  west,  but  the  difference  is  not  apparent  from  available 
records. 

As  elsewhere  in  the  district,  the  beds  of  the  "Coal  Measures"  are 
largely  shale,  in  places  very  sandy.  True  sandstones  are  not  common 
but  are  found  at  any  horizon  in  the  section.  Limestones  are  rare,  and 
practically  confined  to  the  upper  part  of  the  series.  As  many  as  five 
or  six  beds  of  coal  have  been  reported  in  some  of  the  borings,  but 
most  of  these  are  thin  and  of  little  or  no  value.  The  following  log 
from  the  western  part  of  the  county  is  typical  for  the  region,  and 
serves  to  emphasize  the  marked  vertical  variation  exhibited  by  these 
rocks : 


n 


COAL   RESOURCES   OF  DISTRICT   III 


Record  of  boring  in  western  Knox  County  showing  typical 

Pennifylvanian  strata 


Description  of  strata 


Clay,  sandy . . 
Shale,  gray . . 
"Slate",  dark 
Coal 


Shale,  gray 

Sand  rock,  light,  very  hard 

Shale,  light 

Sand  rock,  light,  moderately  hard j 

Shale,  light ' 

Boulder  rock,  light,  very  hard 

Shale,  gray ' 

Shale,  brown  sand 

Sand  rock,  gray,  moderately  hard 

Shale,  dark I 

Lime  rock,  blue,  very  hard 

Shale,  dark 

"Slate",  dark 

Coal 


Impure  coal 

Coal 

Fire  clay 

Sand  rock,  white,  very  hard 

Sand  shale,  light 

Sand  shale,  gray 

Sand  shale,  light 

Coal,  soft 

Sand  shale,  light 

Lime  shale 

Sand  rock,  light,  very  hard 

Sand  shale,  light,  moderately  hard... 

Sand  rock,  light,  very  hard 

Sand  shale,  light,  very  hard 

Shale,  gray 

Coal 


Sand  shale,  gray 

Sand  rock,  gray 

Shale,  dark 

Cap  rock,  extremely  hard. . 

Impure  coal 

Sand  rock,  gray,  very  hard 
Sand  rock,  light,  very  hard 

Sand  shale,  light , 

Sand  shale,  gray 


Thickness 

Depth 

L 

Ft. 

In. 

Ft. 

In. 

•  • 

•  • 

20 

•  ■ 

33 

•  • 

53   1 

•  * 

2 

1 

55 

1 

1 

2 

56   , 

3 

2 

7 

58 

10 

3 

2 

62 

•  • 

2   1 

2 

64 

2 

1 

4  ; 

65 

6 

15  : 

80 

9 

2 

2 

82   1 

11 

8 

1 

91 

■  • 

29 

•  • 

120 

■  • 

15 

4   1 

135 

4 

7 

11 

143 

3 

2 

•  • 

145 

3 

7 

9 

153 

■  • 

1 

11 

154 

11 

1 

7 

156 

6 

1 
•  ■ 

2 

156 

S 

•  a 

4 

157 

■  ■ 

2 

•  • 

159 

•  • 

8 

10 

167   . 

10 

4   > 

10 

172 

8 

7   ' 

8 

180   1 

4 

5 

8 

186 

•  ■ 

1 

•  • 

187 

•  • 

2   ! 

2 

189 

2 

4 

4 

193 

6 

3 

10 

197 

4 

1 

4 

198   ' 

8 

4 

2 

202 

10 

7 

6 

210 

4 

2 

7 

212 

11 

1 

2 

214   ' 

1 

5 

11 

220   , 

•  • 

■  • 

6 

!   220 

6 

1 

8 

222 

2 

1 

1 

223 

3 

2 

4 

1   225 

7 

•  • 

10 

226 

5 

3 

3 

229 

8 

7 

4 

237 

•  • 

10 

3 

247 

3 
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Record  of  boring  in  western  Knox  County  showing  typical 
Pennsylvanian   strata — Concluded 


Description  of  strata 


Thickness 


Depth 


Coal 

Shale,  gray 

Shale,  light  gray 

Sand  shale,  gray 

Coal 

Fire  clay 

Sand  shale,  gray 

Coal 

Sand  shale,  light 

Sand  rock,  light,  very  hard. 

Slate,  dark 

Sand  rock,  light,  very  hard 

Shale,  dark 

"Slate",  dark,  very  hard 

Sand  rock,  light,  very  hard 


In. 
2 

8 

8 

9 

•  • 

4 
5 
7 
5 
1 
7 
X 
1 
11 
5 


In  the  early  Survey  report,"  the  boundary  of  the  Belleville  (No. 
6)  coal  area  was  extended  from  Galva  in  Henry  County  southwest 
through  Oneida,  thence  south  to  the  vicinity  of  Maquon  and  south  into 
Fulton  County.  Considerable  similarity  between  the  rocks  in  eastern 
Henry  and  eastern  Knox  counties  would  therefore  be  expected. 
Essentially  the  same  section  as  noted  for  the*  Kewanee  field,  including 
the  fusulina  limestone,  some  shale,  and  a  4-foot  coal  with  charcoal 
and  shalfe  partings  is  found  near  Etherly,  Victoria,  and  Wataga,  and 
hence  the  Etherly  coal  is  correlated  with  the  Sheffield  coal. 

As  in  Henry  County,  the  drill  records  in  Knox  County  which  go 
below  the  Etherly  coal  show  several  lower  coal  beds.  These  have 
commonly  been  labeled  Nos.  5,  4,  2,  and  1,  on  the  assumption  of  proper 
correlation  for  the  topmost  bed.  In  places,  however,  a  coal  is  recorded 
15  to  20  feet  above  what  is  called  the  Etherly  bed.  The  beds  below 
the  Etherly  bed  are  not  reported  with  sufficient  regularity  to  indicate 
any  definite  interval  at  which  coal  may  be  found.  It  is  believed  that 
they  represent  the  irregular  deposits  of  Pottsville  and  Carbondale  time 
made  near  the  margin  of  the  coal- forming  area. 

Structure 

Essentially  the  same  structural  relations  as  those  reported  for 
Henry  County  are  found  in  Knox  County.     On  the  basis  of  correla- 


"  Green,  H.  A.,  Geol.  Survey  of  Illinois:  Vol.  IV,  p.  314.  1870. 
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tion  outlined  above,  the  Etherly  or  Sheffield  coal  is  somewhat  lower 
in  eastern  Knox  County  than  in  southeastern  Henry  County  and  con- 
tinues to  dip  to  the  west.  This,  how^ever,  is  relieved  by  local  vari- 
ations which  are  less  marked  than  in  the  Henry  County  area.  This 
attitude  of  the  Etherly  coal  probably  fairly  reflects  the  structure  of 
the  lower  beds  of  the  system.  So  far  as  the  coal  is  concerned  the 
regional  structure  is  of  no  consequence.  The  local  deviations  from 
this  structure,  in  places  involving  only  about  one  square  mile,  are 
somewhat  more  important.  In  no  case,  however,  is  the  coal  found 
to  lie  in  the  steep  sided  basins  which  characterize  the  Mercer  and  War- 
ren County  fields.  It  is  probable  that  further  exploratory  work  will 
reveal  some  such  local  warping,  but  the  general  character  of  the  de- 
posits indicates  that  uniform  conditions  obtain  over  wider  areas  than 
in  the  counties  to  the  west. 

Minor  dislocations  of  the  coal  bed,  clay  slips  and  rolls  are  found 
in  this  area  as  elsewhere.  These  will  be  noted  in  connection  with  the 
description  of  the  several  coal  beds. 

SopERviLLE  Coal 

At  the  present  time,  about  half  of  the  coal  of  the  county  comes 
from  the  Soperville  field  north  of  Galesburg.  The  position  of  this 
bed  in  the  Illinois  general  section  of  "Coal  Measures"  has  not  been 
finally  determined.  It  appears  to  lie  too  high  to  be  correlated  with 
the  Colchester  or  Xo.  2  bed,  and  perhaps  too  low  to  be  classed  with  the 
Springfield  (Xo.  5)  coal.  The  latter  correlation  has  been  made  ten- 
tatively, although  earlier  reports  classed  this  bed  with  the  Rock  Island 
coal.  Detailed  stratigraphic  studies  in  the  area  will  be  needed  to  com- 
plete the  correlation. 

The  Soperville  bed  is  not  known  to  extend  widely  over  the  county. 
So  far  as  known,  it  is  restricted  to  parts  of  Tps.  12  and  13  N.  of  R.  1  E. 
in  this  county  and  probably  extends  west  into  northeastern  Warren 
and  southeastern  Mercer  counties. 

The  bed  has  an  average  thickness  of  about  48  inches,  reaching 
a  maximum  of  72  inches  in  one  of  the  mines.  Locally,  it  is  practically 
cut  out  beneath  surface  materials  so  that  it  is  unworkable.  The 
bed  is  normally  in  three  benches,  with  a  charcoal  and  dirt  parting 
below  the  top  bench  and  a  shale-pyrite  parting  above  the  lowest  one. 
The  top  bench  is  relatively  brittle,  and  has  abundant  calcite  facings 
throughout.  The  middle  bench  is  less  dull,  more  laminated  and  harder 
than  the  top.  The  bottom  bench  is  the  hardest  coal,  and  is  somewhat 
more  dull  than  the  others.  Locally  the  top  few  inches  is  nearly  a  cannel 
coal,  showing  few  laminations  and  a  distinct  conchoidal  fracture. 
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The  roof  is  shale,  mainly  black  and  locally  fissile.  It  ranges  up 
to  18  feet  in  thickness,  but  gives  trouble  and  must  be  supported 
by  the  top  coal  in  places.  The  shale  contains  large  calcareous 
and  pyritic  concretions  which  commonly  fall  when  the  coal  is  removed. 
There  is  no  widespread  limestone  cap-rock  such  as  overlies  the  Etherly 
coal.  The  floor  is  rather  hard,  slightly  flinty  clay  at  the  top  with 
softer  clay  below.  This  is  light  gray  in  color,  and  more  than  six  feet 
thick. 

The  coal  bed  is  interrupted  by  "horsebacks"  and  "clay-slips"  and 
by  small  faults  of  little  displacement.  The  flaring  V-shaped  slips  are 
the  most  troublesome  in  mining,  as  they  increase  the  hazard  and  cost, 
besides  reducing  the  area  of  workable  coal  perceptibly.  The  character 
of  this  type  of  fault  is  illustrated  by  figure  i. 


4  glw> 


Pio.  7.     Dlt^raro  ol  (ault  In  Sopervllle  coal  In  Knox  County. 

Etherly  or  Sheffikld  Coal 

In  the  Etherly  area,  which  includes  the  eastern  two-thirds  of  Knox 
County,  the  same  general  succession  of  beds  described  for  the  Kewanee 
field  is  present.  The  early  reports  show  the  Sheffield  hed  to  underlie 
eastern  Knox  County  as  far  as  a  line  connecting  Oneida,  Wataga,  and 
Maquon.  Since  this  area  lies  outside  of  District  III  and  has  been  de- 
scribed in  some  detail  in  an  earlier  bulletin'"  it  will  not  be  considered 
further  here, 

Abingdon  Coal 

A  small  amount  of  coal  is  spasmodically  mined  from  the  Abing- 
don field.  The  extent  of  this  coal  is  not  well  known,  but  recent  drill- 
ing indicates  that  it  extends  northward  to  within  three  miles  of  Gales- 
burg  and  eastward  somewhat  beyond  Spoon  River.  It  is  normally 
about  two  feet  thick,  without  partings,  and  of  fair  quality.     It  is  bright 

"Cadv.    O.    H.,    Coal    resources    o[    District    IV:    III.    Mining:    Inveatlsatlons 
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and  hard  and  commonly  contains  lenses  and  balls  of  pyrite.  The  roof 
is  shale,  black  and  fissile,  and  overlain  by  another  shale,  non-gritty,  gray 
in  color,  known  as  "soapstone".  The  section  here  is  similar  to  that  of 
the  Colchester  coal. 

Other  Coal  Beds 

Practically  throughout  the  county,  drill  records  show  more  than 
one  bed  of  coal.  A  log  from  the  extreme  northeast  corner  of  the 
county  shows  six  unidentified  beds,  only  one  of  which  is  of  workable 
thickness.  The  record  from  western  Knox  County  shows  eight  beds 
of  coal;  three  beds  are  reported  from  the  Etherly  field.  Most  of  these 
beds  appear  to  be  of  irregular  development  and  may  be  of  workable 
thickness  in  one  place  but  pinch  out  to  a  few  inches  within  short  dis- 
tances. 

In  the  St.  Augustine  area  the  Rock  Island  bed,  lying  a  few  feet 
below  the  Colchester  bed,  is  thick  enough  to  be  worked  in  a  small  way. 
It  seems  to  underlie  only  the  southwest  part  of  the  county,  in  Tps.  9 
and  10  N.  of  R.  ]  E.  It  shows  the  same  characteristics  here  as  are 
noted  in  the  adjoining  part  of  Warren  County.  It  is  about  30  inches 
thick,  with  or  without  a  shale  parting,  and  is  of  fair  quality.  The  shale 
roof  with  limestone  capping  makes  it  easy  to  work.  The  light  gray  clay 
floor  gives  no  trouble  by  heaving. 

MADISON  COUNTY 

General  Statement 

Madison  County  is  at  the  extreme  south  end  of  District  III,  and 
in  its  general  relations  duplicates  Jersey  County  to  the  north  (PI.  I  B). 
As  indicated  on  the  map,  the  area  assigned  to  District  III  is  a  north- 
west-southeast strip  about  4  miles  wide  extending  west  as  far  as  East 
Alton,  and  Godfrey,  and  hounded  on  the  east  by  the  outcrop  of  yoimger 
strata  which  include  Rushville  (No.  5),  Belleville  (No.  6),  and  higher 
coals. 

Production  and  Mines 

At  the  present  time,  production  from  the  lower  coals  in  Madison 
County  is  from  four  or  five  country  banks  in  the  vicinity  of  Upper 
Alton  producing  less  than  10,000  tons  annually.  These  mines  wxre 
formerly  of  more  importance,  as  they  produced  more  than  100,000  tons 
each  year.  The  later  discovery  of  thicker  coal  to  the  east  has  caused  the 
decline  in  production  from  this  field. 

Area  underlain  by  workable  coal 29  sq.  mi. 

Average  thickness 24  inches 

Amount  available  originally   65.750,000  tons 


madison  county  77 

Stratigraphy 

pennsylvanian  system 

The  Pennsylvanian  beds  are  rarely  exposed  in  outcrop,  and  are 
known  mainly  from  the  coal  openings  and  one  or  two  borings.  In 
the  vicinity  of  Upper  Alton,  the  limited  data  reveal  coal  overlain  by 
shale,  and  in  places  underlain  by  clay  with  limestone.  Following  is 
a  typical  log  from  farther  east  in  the  county,  recording  the  McLeans- 
bo  ro  beds  but  showing  the  character  of  the  Lower  Pennsylvanian  beds 
as  well: 

Log  of  Coring  in  Madison  County  showing  the  succession  of 

Pennsylvanian  strata 

Description  of  strata                                                        Thickness  Depth 

Feet  Feet 

Clay,  sand  and  gravel 156  156 

Shale,  (with  thin  coal) 4  160 

Clay  shale,  with  soft  lime  nodules 7  167 

Clay  shale    3  170 

Lime  shale   12  182 

Shale,  mixed   3  185 

Clay   shale   3  188 

Limestone,  fossiliferous   3  191 

Clay  shale 1  192 

Shale,  black    1  193 

Clay  shale    9  202 

Clay  shale,  with  soft  lime  chunks  and  thin  coal 2  204 

Shale    2  206 

Limestone    10  216 

Shale,  soft  (base  of  McLeansboro  formation) 4  220 

Coal    5  225 

Clay  shale    6  231 

Limestone    2  233 

Clay  shale    15  248 

Lime  shale  3  251 

Lime  shale,  sandy   49  300 

Shale,  blue  13  313 

Coal    1  314 

Shale,  sandy    22  336 

Shale,  blue   16  352 

Limestone    2  354 

Slate    2  356 

Coal    3  359 

Shale,  blue  3  362 

Shale  (base  of  Pennsylvanian  system) 13  375 

Shale  and  limestone  of  Mississippian  system 275+  650+ 
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A  mine  in  sec.  0,  T.  5  X.,  R.  9  \V.  shows  the  following  section : 

Hcction  of  coal  in  min<  located  in  sec.  (»,  T.  .7  K.,  R.  9  W. 

Description  of  strata  Thickness 

Inches 

Root  shales  with  some  sandstones 

Coal    24 

Coal,   bony    3 

Shale  band  "blue  band" 5 

Underclay 

Most  of  the  coal  of  the  main  bench  is  dull  and  distinctly  laminated 
with  bright  bands  up  to  half  an  inch  thick.  The  so-called  "blue 
band"  is  locally  as  nmch  as  8  inches  thick,  and  is  rarely  less  than  4 
inches.  Where  this  band  is  thick,  the  overlying  band  of  bony  coal  is 
also  thicker  than  the  average.  What  is  probably  the  same  coal  as  this 
shows  no  shale  band  where  it  is  mined  half  a  mile  to  the  north 
in  a  2()-foot  shaft.  About  4  miles  to  the  east  in  sec.  14,  a  24-inch 
bed  was  found  at  1(55  feet,  with  sandy  shale  and  sandstone  overlying. 
The  bed  is  full  of  bony  layers,  making  it  very  hard  to  work ;  it  carries 
an  unusual  amount  of  pyrite  balls,  lenses  and  stringers,  and  shows 
nmch  calcium  carbcmate  in  facings. 

From  the  few  data  available,  it  appears  that  the  Colchester  coal 
is  developed  over  the  north-central  part  of  T.  5  N.,  R.  9  W.,  and  in 
the  southwest  i)art  of  T.  G  N.,  R.  0  W.,  but  that  there  is  no  marked 
uniformity  in  its  deposition.  It  appears  to  have  been  deposited  at  the 
margin  of  the  coal  basin  in  more  or  less  isolated  patches,  and  under 
conditions  which  locally  permitted  the  introduction  of  considerable 
amounts  of  mud,  resulting  in  a  carbonaceous  bed  about  two  feet  thick 
which  is  workable  in  places. 

North  of  Godfrey  to  the  county  line  there  is  nothing  to  indicate 
the  presence  of  any  workable  coal.  At  East  Alton,  the  Tile  and  Sewer 
Pipe  Plant  has  used  the  Colchester  coal  to  a  limited  extent.  The  section 
exposed  along  the  creek  behind  the  plant  is  as  follows : 

l!iection  exposed  along  cTcck  behind  the  Tile  and  Seicer  Pipe  plant 

at  East  Alton 
Description  of  strata  Thickness 

Ft.         In. 

Shale,  sandy,  buff  colored,  in  thick  beds 10 

Shale,   black   fissile 2 

Coal    2  6 

Clay,  gray,  dark  at  top,  lighter  below 2  6 

Limestone,  somewhat  bouldery  but  continuous,  with  fusulinas..         1  6 

Shale,  light  gray  above,  darker  below 10-h 
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The  limestone  of  this  section  is  apparently  a  distinct  type.  It  is  of 
medium  gray  color,  slightly  pinkish  when  fresh,  weathering  to  buff. 
P'ossils  in  this  limestone  are  in  the  matrix  rather  than  in  fragments,  and 
comprise  crinoid  rings,  some  small  brachiopods  and  a  small  fusuHna 
resembling  Girfyina  vcntricosa.  This  has  been  considered  the  Colchest- 
er coal  section,  with  the  zone  of  the  Cheltenham  clay  in  the  base  under- 
lying the  "brecciated  lime." 

No  other  coal  has  been  recognized  in  this  area,  and  it  is  believed 
that  even  the  Colchester  coal  is  not  sufficiently  regular  to  be  of  con- 
sequence as  a  resource. 

Structure 

From  present  data,  the  Pennsylvanian  strata  appear  to  be  involved 
in  no  major  deformation.  The  results  of  detailed  structural  studies 
now  in  progress  in  this  and  adjoining  areas  will  be  presented  in  a  forth- 
coming report  on  Madison  County. 

MASON  COUNTY 

Introduction 

Although  no  coal  has  ever  been  mined  in  Mason  County,  it  is 
known  to  be  partly  underlain  by  at  least  one  bed  of  coal  (PI.  IB). 
The  following  quotation  from  another  publication  of  the  Survey  gives 
all  available  information  on  the  coal  and  inferences  as  to  its  corre- 
lation '}^ 

SURFICIAL  DEPOSITS 

"The  coal-bearing  rocks  are  deeply  covered  by  glacial  drift  which  in  the 
hole  at  Mason  City  has  a  thickness  of  204  feet.  Its  thickness  in  other  places 
in  the  county  is  not  known.  Leverett  says:  *The  county  occupies  a  low 
basin-like  expansion  of  the  Illinois  valley,  heavily  covered  with  sand,  except 
where  the  old  river  channels  have  left  a  surface  deposit  of  muck.'* 

COAL-BEARING   ROCKS 

"Except  for  information  afforded  by  the  drilling  at  Mason  City,  and  for 
a  general  knowledge  of  conditions  in  surrounding  counties,  nothing  is  known 
concerning  the  coal  which  possibly  underlies  Mason  County.  In  the  drill 
hole  a  coal  34  inches  thick  was  struck  at  a  depth  of  290  to  293  feet.  This 
thickness  of  the  coal  suggests  correlation  with  No.  2  rather  than  with  one  of 
the  higher  coals.  Further  evidence  in  support  of  this  correlation  is  that 
No.  5  coal  at  Lincoln  lies  at  about  the  same  depth  and  latitude  as  the  coal 
at  Mason  City,  whereas  by  reason  of  the  regional  eastward  dip.  No.  5  coal 


"  Cady.    Ci.    H.,    Coal    ros«)urce's    of    District    TV:    111.    Mining;    InvestiKationa 
Bull.   26,   p.    148.    1921. 

■  Leverett,    Frank,    The    Illinois   glacial    lobe :        U.    S.    Geol.    Survey    Mon.    38, 

p.  688,  1899. 
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should  be  considerably  higher  at  Mason  City  than  at  Lincoln;  in  fact,  high 
enough  to  bring  it  above  erosion  level  beneath  the  drift. 

"It  is  probable,  therefore,  though  by  no  means  established,  that  if  Mason 
City  is  underlain  by  coal,  it  is  No.  2  rather  than  one  of  the  higher  beds,  ex- 
cept in  the  eastern  part  of  the  county,  where  locally  the  drift  may  be  thin  and 
one  of  the  higher  coals,  possibly  No.  5,  may  be  present  in  small  areas." 

Mcdonough  county 

General  Statement 

McDonough  County  lies  in  the  west  margin  of  the  Illinois  coal 
field,  and  the  geology  of  the  "Coal  Measures"  is  similar  to  that  in  the 
southern  part  of  Warren  County,  and  the  western  part  of  Fulton  Coun- 
ty (PI.  I  A).  It  lies  about  25  miles  west  of  the  recognized  area  of  Belle- 
ville (No.  6)  coal  in  eastern  Fulton  County.  The  Pennsylvanian 
rocks  here  are  relatively  flat-lying  and  extend  to  only  shallow  depths. 

Production  and  Mines 

The  mine  list  for  1923  shows  local  mines  operating  in  that  year, 
but  no  shipping  mines.  The  production  was  entirely  from  the  Col- 
chester (No.  2)  coal. 

Area  underlain  by  workable  coal 267  sq.  mi. 

Average  thickness    24  inches 

Amount   available   originally 604,700,000  tons 

Production,  year  ending  June  30,  1923 25.964  tons 

Average  annual  production,  1919-1923 92,233  tons 

Total   production   recorded 2.204,138  tons 

Stratigraphy 
pleistocene  system 

The  Pleistocene  beds  are  for  the  most  part  level-topped,  but  lie 
on  an  uneven  surface  of  bed  rock.  The  surficial  covering  is  loessial 
clay  5  to  10  feet  thick,  with  clay,  sand  and  small  amounts  of  gravel 
below,  making  up  a  total  of  between  30  and  200  feet.  fThis  great 
range  is  due  to  the  presence  of  buried  valleys  cut  in  the  bed  rock  before 
the  advent  of  the  ice. 

pennsylvanian  system 

The  Pennsylvanian  beds  are  from  40  to  230  feet  thick,  and  are 
known  both  from  outcrops  along  the  east  fork  of  Crooked  Creek  along 
Camp  and  (jrindstone  creeks,  and  from  drill  logs  and  mining  oper- 
ations. A  typical  section  compiled  from  these  sources  in  T.  4  N., 
R.  3  W.,  is  given  as  follows : 


MCDONOUGH    COUNTY  81 

Typical  Pennaylvanian  section  compiled  from  records  of  outcrops,  borings, 

and  mines  in  T,  .)  N.,  R.  3  W. 

Description  of  strata  Thickness 

Ft,         In. 

Sandstone,  buff  to  gray,  thin  bedded 39 

Shale,  argillaceous,  with  ferruginous  nodules 10 

Coal    (Colchester)    2  6 

Clay  and  concealed  beds 15 

Shale,  blue  to  white  at  top,  drab  below 9 

Clay,  sandy,  bluish  white i 5 

Sandstone,  white,  quartzose,  thin-bedded,  weathering  to  light  buff  5 

Interval,  chiefly  blue-black  shale 20 

Sandstone,  white,  quartzose,   weathers   to   dark   drab,   contains 

partings  of  blue-black  shale 4 

Shale,  in  part  very  calcareous  and  filled  with  carbonized  stems.  3 

Concealed,  overlying  Mississippian  formations 6 

Total    118  6 

The  Pennsylvanian  includes  parts  of  the  Pottsville  and  Carbon- 
dale  formations.  The  Pottsville,  125  feet  thick,  comprises  thin  sand- 
stones and  shale,  with  one  to  three  thin  coals  and  one  limestone.  The 
limestone  is  an  important  stratigraphic  marker  in  this  region  and  is 
described   in   the   Colchester-Macomb    folio*^'^   as    follows: 

"The  limestone  is  bluish  gray,  fine  grained  and  very  brecciated  or  nod- 
ular, so  that  it  weathers  with  a  characteristically  uneven  surface.  It  has  no 
regular  bedding  or  cleavage.  In  its  brecciation,  texture,  and  general  aspect 
it  somewhat  resembles  the  St.  Louis  limestone,  but  can  be  discriminated 
from  it  by  the  nature  of  contiguous  beds.    In  places  it  contains  many  crystals 

of  marcasitc  or  pyrite,  which  on  weathering  give  it  a  reddish  tinge 

In  some  outcrops  it  is  a  continuous  ledge  rarely  as  much  as  5  feet  thick;  in 
still  others  it  is  represented  only  by  rows  of  'boulders*  in  clay,  or  by  incon- 
spicuous calcareous  shale,  and  in  still  others  it  is  altogether  wanting." 

McDonough  County  appears  to  be  uniformly  underlain  by  beds 
of  the  Pottsville  formation,  which  show  considerable  lithologic  varia- 
tion from  place  to  place.  The  Carbondale  formation,  which  has  a 
maximum  thickness  of  90  feet,  comprises  sandstones,  shales,  one  coal, 
and  one  limestone.  Irregular  patches  of  the  Carbondale  are  found 
extending  northward  from  Colchester  and  Good  Hope,  and  in  the 
southern  part  near  Industry.  Jhe  two  important  members  of  this 
formation  are  the  coal  bed  known  as  the  Colchester  or  No.  2  coal, 
which  lies  at  the  base  of  the  formation,  and  the  Vergennes  sandstone 
which  appears  at  the  top  of  the  formation  over  an  erosion  uncon- 
formity of  marked  irregularity.     This  sandstone  was  called  the  Ver- 

*>  Hinds,  Henry,  U.  S.  Geological  Survey  Geol.  AUas,  Colchester-Macomb 
Folio    (No.   208)   p.   6,   1919. 
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gennes  by  Hinds^^  because  of  its  resemblance  to  a  sandstone  of  simi- 
lar position,  so  named  by  Shaw  in  the  Murphysboro  quadrangle. 

The  coals  of  the  Pottsville  show  an  irregular  deposition  which 
is  apparently  original.  Where  but  one  prominent  coal  appears  it  is 
usually  called  Xo.  1.  It  is  not  to  be  understood,  however,  that  the 
No.  1  of  one  locality  is  positively  known  to  be  the  stratigraphic  equiva- 
lent of  the  No.  1  of  other  localities.  The  main  coal  of  the  Pottsville 
lies  between  30  and  40  feet  below  the  Colchester  coal.  The  Colchester 
( No.  2 )  coal  is  relatively  widespread,  and  presumably  appears  in  fairly 
uniform  thickness  (20  to  30  inches)  over  the  northern  part  of  the 
county  and  in  isolated  patches  in  the  southern  part,  as  indicated  by  the 
line  of  outcrop  on  the  map  (PI.  I  A).  Above  the  coal  is  blue  shale 
which  reaches  a  maximum  thickness  of  55  feet.  The  beds  are  much 
more  sandy  at  the  top  where  the  greater  thicknesses  are  exix)sed. 
Below  the  Vergennes  sandstone  in  places  there  appears  a  thin  lime- 
stone which  is  quite  fossiliferous.  This  lies  from  25  to  30  feet  over 
the  Colchester  coal. 

Most  of  the  logs  record  only  shallow  drillings,  a  large  number 
reaching  only  the  Colchester  coal.  Typical  of  the  deeper  logs  is  that 
from  the  farm  of  W.  H.  Young  in  sec.  9.  T.  7  N.,  R.  2  W.  (Walnut 
Grove  Twp.) : 

Record  of  well  drilled  on  W.  H.  Young  farm,  sec.  ,9,  T.  1  A\,  jR.  2  W. 


Description  of  strata 


Thickness 


Depth 


Pleistocene  system 

Soil 

Sand 

Pennsylvanian  system 

Soapstone 

"Slate"  and  rock 

Soapstone 

Coal  Colchester  (No.  2) 

Fire  clay,  very  white. . . 

Clay,  hard,  or  rock 

Soapstone,  hard 

Rock 

Soapstone,  hard 

Clay,  hard 

"Slate" 

Fire  clay 


Ft, 

m    m 

10 
2 

•  • 

4 
3 

18 
2 
6 
7 
5 
4 

13 
1 
1 
5 


In. 


Ft. 


10 


In. 


6 

12 

6 

•  ■ 

•  ■  ■ 

16 

•  • 

6 

6 

20 

•  • 

3 

3S 

3 

•  • 

40 

3 

3 

46 

6 

•  ■ 

53 

6 

•  ■ 

58 

6 

6 

63 

•  • 

•  • 

76 

•  • 

6 

77 

6 

6 

79 

•  • 

•  • 

84 

■  • 

=»  Hinds,    Henry,    1',    S.    Oeological    Survey    Geol.    Atlas,    Colchester-Macomb 
Folio  (No.  208)  p.  6,  1919. 
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Record  of  well  drilled  on  W.  H.  Young  farm,  sec.  «,  T.  7  N.,  R.  2  W. 

— Concluded 


Description  of  strata 


Thickness 


Depth 


"Slate",  hard 

Soapstone 

"Slate" '. . 

Shale  rock 

"Slate"  and  rock 

Fire  clay 

Rock,  hard 

Fire  clay • 

Rock,  very  hard    (could  not  drill 
through  it)    


Although  the  "hard  soapstone"  of  this  section  is  probably  a  sandy 
shale,  the  absence  of  true  sandstone  is  notable.  The  Pennsylvanian 
beds  lie  in  marked  unconformity  on  the  Mississippian  formations. 
The  relief  of  this  old  rock  surface  is  probably  in  excess  of  100  feet. 

Structure 

The  Pennsylvanian  beds  are  essentially  flat-lying,  the  Colchester 
coal  ranging  from  about  ()40  feet  to  nearly  700  feet  above  sea  level. 
So  far  as  available  data  from  mining  operations  indicate,  the  Pennsyl- 
vanian in  this  county  is  free  from  minor  structure  such  as  slips,  small 
faults,  and  rolls  which  conunonly  interrupt  the  continuity  of  the  coal 
elsewhere. 

Colchester  Coal 

The  main  coal  of  the  county  is  the  Colchester  (No.  2)  commonly 
mined  by  drifts  or  shallow  shafts,  and  which,  because  of  its  thinness 
(about  24  inches)  is  not  mined  on  a  commercial  basis  except  in  con- 
nection with  some  of  the  clay  plants.  The  coal  is  of  good  quality, 
however,  and  shows  no  i>ersistent  partings  or  impurities.  In  places 
it  carries  a  few  lenses  and  small  nodules  of  iron  pyrites  ("sulphur"), 
films  of  mother  coal,  calcite,  and  gypsum,  and  streaks  of  bone  an  inch 
or  less  thick.  It  is  jet  black,  with  some  bands  of  dull  luster, 
has  a  hackly  fracture  and  shows  no  well  developed  cleat  or  horizontal 
cleavage.  The  bed  is  thus  exceptionally  clean  and  is  relatively  un- 
disturbed by  horsebacks,  clay  slips,  or  rolls.  The  most  important  coal 
area  is  about  Colchester,  and  the  next  most  important  is  in  the  south- 
central  part  of  the  county  where  but  little  mining  has  been  done  up 
to  the  present  time.     The  roof  of  the  coal  is  in  all  cases  a  blue-gray 
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shale,  somewhat  massive  and  in  places  quite  sandy,  which  serves  well 
for  mining  purposes.  Below  the  coal  is  an  underclay  a  little  more 
than  2  feet  thick,  which  in  most  places  is  soft  and  plastic  and  makes 
an  ideal  medium  for  undercutting  the  coal. 

Other  Coal  Beds 

No  other  coal  beds  are  mined  except  for  private  uses  in  those 
localities  where  the  Colchester  coal  is  absent,  and  one  of  the  Potts- 
ville  coals  is  developed  in  thickness  sufficient  to  make  small  mining 
practical.  These  are  not  considered  of  sufficient  value  to  be  included 
in  an  estimate  of  the  resources  of  the  county. 

MERCER  COUNTY 

General  Statement 

Mercer  County  lies  in  the  northwestern  part  of  the  State,  having 
approximately  the  same  relation  to  the  Illinois  coal  field  as  Rock  Island 
County  (PI.  I  A).  The  "Coal  Measures"  in  the  northeastern  part  of 
the  county  are  continuous  with  those  of  Rock  Island  on  the  north 
and  Henry  on  the  east.  Farther  west  the  Pennsylvanian  beds  are 
thin,  and  near  Seaton,  in  the  southwestern  part  of  the  county,  they 
have  been  eroded  and  Mississippian  beds  lie  at  the  surface. 

Production  and  Mines 

Mining  is  somewhat  more  active  in  Mercer  than  in  Rock  Island 
County,  the  11)23  report  of  the  Department  of  Mines  and  Minerals  list- 
ing 15  local  but  no  shipping  mines.  This  is  a  larger  number  than  has 
been  reported  for  some  years,  and  reflects  the  recent  coal  shortage. 

Area  underlain  by  workable  coal 127  sq.  mi- 
Average  thickness    34  inches 

Amount  available  originally 412,130,000  tons 

Production,  year  ending  June  30,  1923 39,275  tons 

Average   annual   production,   1919-1923 875,230  tons 

Total   production   recorded 13,689,352  tons 

Stratigraphy 

pleistocene  system 

Outcrops  of  the  coal-bearing  rocks  are  rare,  for  the  county  as  a 
whole  is  deeply  mantled  with  glacial  drift.  These  surficial  deposits 
range  in  thickness  from  a  few  feet  in  stream  valleys  to  more  than 
200  feet  beneath  some  of  the  upland. 
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PENNSYLVANIAN    SYSTEM 

Practically  all  data  regarding  the  extent  and  character  of  the 
Pennsylvanian  rocks  are  gained  from  mines  and  drill  logs.  The  latter 
are  mainly  from  east  of  Aledo  and  are  closely  spaced  in  the  Mather- 
ville  area,  but  widely  scattered  elsewhere.  The  Pennsylvanian  ranges 
in  thickness  from  less  than  75  feet  to  as  much  as  150  feet.  Few  logs 
are  at  hand  in  which  the  precise  base  of  the  system  can  be  determined, 
but  present  data  indicate  maximum  thickness  of  Pennsylvanian  at  the 
east  margin  of  the  county.  At  the  west,  near  the  boundary  of  the 
"Coal  Measures"  the  thickness  is  probably  considerably  less  than  75 
feet,  but  there  are  no  logs  showing  this  westward  thinning. 

So  far  as  appears  in  the  well  logs,  the  Pennsylvanian  section  is 
predominantly  shale,  most  of  the  sandstone  appearing  in  the  upper 
part.  The  following  log  is  typical  of  the  barren  beds  in  Mercer 
County,  but  cannot  be  considered  as  a  generalized  section: 


Log  of  boring  showing  typical  Pennsylvanian  sticcession  of  the  barren  beds 

in  Mercer  County 


Description  of  strata 


Pleistocene  system 

Soil  and  clay 

Drift,  gray 

Sandy  clay 

Drift,  gray 

Pennsylvanian  system 

Soapstone 

Shale,  red 

Sandy  rock 

Soapstone 

Shale,  light 

Sand  rock,  gray . . 

"Slate",  dark 

Sand  rock,  gray . . 

"Slate",  dark 

Shale,  light 

"Slate",  black.... 

Coal 

Fire  clay 

"Slate",  gray 

Sandstone,  light . . 

'Slate",  black.... 

•Slate",  black.... 

Sand  rock,  light . . 


«M 


<<< 


Thickness 


Ft. 

23 

19 

7 

16 

2 
3 
1 
8 
5 
10 
2 

o 
tl 

17 

7 

14 

•  • 

4 
36 

3 

3 
10 

2 


Depth 


In. 

Ft. 

23 

42 

49 

65 

67 

70 

71 

79 

84 

94 

96 

99 

116 

!   123 

1 

!   137 

3 

137 

9 

142 

178 

181 

184 

194 

196 

In 
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Log  of  boring  ahotoing  typical  Pennsylvanian  succession  of  the  harren  beds 

in  Mercer  County — Concluded 


Deecrlption  of  strata 


Thickness 


Depth 


Mississipptan  system 

Shale,  light 

Shale,  blue 

Shale,  light 

Lime  shale 

Shale,  brown 

Lime  shale 


Ft. 

In. 

24 

1           « 

5 

68 

2 

1          5 
1 

Ft. 

220 
226 
231 
289 
291 
296 


In 


Of  the  above  section,  the  first  four  beds  are  surficial,  the  next 
lower  members  to  a  depth  of  196  feet  are  probably  Pennsylvanian,  and 
the  rest  of  the  section  should  perhaps  be  referred  to  the  Mississippian. 

A  section  typical  of  the  coal-bearing  part  of  the  system  is  added 
below  for  comparison: 

Log  of  test  boring  in  the  toum  of  Cable 


Description  of  strata 


Pleistocene  and  Recent  systems 

Soil  and  clay 

Pennsylvanian  system 
Pottsville  formation 

Sandstone  and  shale 

Limestone,  blue,  shaly 

Coal 

Under  clay  and  shale 

Sandstone 

Coal 

Underclay  and  shale 

Devonian  system 

Limestone 


Thickness 

Ft. 

In. 

9 

m    m 

3 

m    m 

9 

m    • 

3 

6 

67 

■   • 

30 

•   • 

2 

6 

12 

•  » 

52 

•  • 

Depth 


Ft. 


Tn. 


12 

21 

24 

81 

111 

114 

126 

178 


6 
6 
6 


But  one  stratum  reported  in  this  log  is  recognizable  over  much  of 
the  county.  This  is  the  blue,  argillaceous  limestone  overlying  the 
thicker  coal.  This  and  the  coal  itself  are  probably  correctly  identi- 
fied at  Sherrard,  Matherville,  in  the  area  north  of  Millersburg,  and 
southward  nearly  to  Burgess.  The  limestone  carries  fossils,  locally 
abundant,  among  which  is  the  small  protozoan  Fusulina,  which  has 
not  been  found  in  this  county  except  at  this  horizon. 
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The  Rock  Island  coal  is  the  only  one  of  commercial  value  and 
it  has  an  irregular  distribution.  Another  coal  which  has  been  worked 
to  a  limited  extent  lies  from  15  to  30  feet  below  the  main  bed.  This 
is  even  less  uniform  in  character  and  distribution  than  the  main  coal. 
Throughout  much  of  the  area  in  which  the  Rock  Island  coal  can  be 
profitably  worked,  drill  logs  record  the  presence  of  a  thin  coal  lying 
10  to  25  feet  over  the  main  bed. 

Little  is  known  of  the  character  of  the  pre-Pennsylvanian  surface. 
It  seems  probable  that  it  closely  resembles  that  of  Rock  Island  County 
in  showing  considerable  relief.  Study  of  the  available  logs  indicates 
that  in  the  southern  part,  at  least,  the  "Coal  Measures"  are  underlain 
by  Mississippian  rather  than  Devonian  beds. 


Fig.  8.  Diagram  showing  relation  of  thickness  of  the  Rock  Island  coal 
to  its  altitude.  Except  in  No.  8,  which  may  be  structurally  high,  the 
thicker  coal  lies  in  the  hollows. 


T.  15  N.,  R.  2  W. 

1.  SE.  ^  SE.  M  sec.  27. 

2.  SB.  %  SE.  ^  sec.  27. 

3.  NE.  ^  SE.  %  sec.  27. 

4.  SE.  ^  NE.  M  sec.  27. 


T.  15  N.,  R.  2  W. 

5.  SE.  ^  SE.  ^  sec.  22. 

6.  NE.  %  SE.  %  sec.  22. 

7.  NW.  14  SW.  %  sec.  23. 

8.  SW.  %  NW.  %  sec.  23. 


Structure 

The  Pennsylvanian  beds  are  flat-lying  over  the  county  as  a  whole, 
although  they  are  affected  by  minor  flexures  which  give  rise  to  sharp 
local  folds.  The  one  recognizable  bed  in  the  series,  the  fossiliferous 
limestone,  shows  a  remarkably  flat  attitude  except  for  these  minor 
deformations.  This  bed  lies  at  an  elevation  of  670  feet  north  of  Mill- 
ersburg  and  is  only  five  feet  lower  near  Cable,  15  miles  to  the  east. 
In  the  intervening  area,  local  warping  has  produced  many  times  this 
amount  of  relief,  in  one  instance  00  feet  being  measured  in  less  than  a 
mile.  In  general,  the  coal  is  thicker  in  the  low  places  and  thinner 
where  it  lies  at  a  greater  elevation.  This  is  illustrated  by  figure  8,  in 
which  the  top  elevation  of  the  coal  and  the  thickness  of  the  bed  at 
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each  point  are  indicated.  These  relations  are  exhibited  in  all  three  of 
the  districts  in  which  mining  has  permitted  detailed  observation.  While 
the  data  available  from  the  Sherrard  mine  are  not  full  enough  to 
make  the  point  clear,  there  is  some  indication  that  the  coal  there  worked 
lies  in  a  trough  with  relatively  steep  sides. 

At  Cable  the  situation  is  better  known.  The  coal  lies  in  a  basin- 
shaped  depression,  the  center  of  which  is  just  north  of  the  village. 
In  the  mines  north  and  northwest  of  Cable,  the  coal  lies  at  an  eleva- 
tion of  about  fi()2  feet  above  sea  level,  r.ess  than  a  mile  southwest 
the  elevation  is  (550  feet  and  the  coal  scarcely  half  as  thick. 

Similarly  at  Alatherville,  most  of  the  thick  coal  lies  in  a  troughlike 
depression.  In  Alden  Xo.  T  mine,  the  coal  surface  was  about  500 
feet  above  sea  level  at  the  shaft,  but  varied  from  this  throughout  the 
workings.  Less  than  a  mile  southwest,  the  coal  outcrops  at  an  ele- 
vation of  650  feet,  and  the  coal  is  thin. 

The  fact  that  the  coal  is  almost  uniformly  thicker  in  the  hollows 
than  on  the  "hills"  of  the  mines  suggests  that  the  variation  in  alti- 
tude is  at  least  in  part  original  in  the  coal,  reflecting  the  irregularities 
of  the  surface  on  which  the  bed  was  deix)sited.  On  the  other  hand, 
the  fact  that  in  some  of  the  depressions  the  cap  limestone  shows  es- 
sentially the  same  amount  of  relief  suggests  that  the  unevenness  is 
in  part  due  to  deformation  of  the  strata  after  the  deposition  of  the 
whole  series. 

Rock  Island  Coal 

The  most  important  coal  of  the  county  is  the  Rock  Island  bed. 
While  fairly  widespread  in  the  eastern  portion  of  the  county  this  bed 
shows  a  very  uneven  dci)osition  and  coal  of  workable  thickness  has  a 
distinctly  patchy  distribution.  The  known  areas  of  thicker  coal  lie 
in  Tps.  14  and  15  N.  of  Rs.  1,  2,  3,  and  4  W.  It  is  probable  that  small 
areas  of  equally  thick  coal  lie  in  the  vicinity  of  the  areas  mapped. 
Present  information  does  not  warrant  an  attempt  to  include  them  in 
the  estimates  of  total  coal  area  and  tonnage  for  the  county. 

Within  the  mapped  areas  the  coal  probably  has  an  average  thick- 
ness of  40  inches  or  more.  The  coal  ranges  from  24  to  60  inches  in 
thickness  where  it  is  worked.  Outside  of  the  mapped  areas,  and  par- 
ticularly in  the  western  part  of  the  county,  the  coal  is  uniformly 
thinner. 

In  places  this  coal  bed  appears  to  be  split  by  a  band  of  shale.  Such 
an  occurrence  is  reported  by  Green'--  from  the  southeast  quarter  of 
section    1,   T.    14    N.,    R.    3   W.,   where   the   coal   showed   an    8-incli 

»  Green,  H.  A.,  Geol.  Surv.  of  111.,  Vol.   IV,  p.  305,   1870. 
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parting  in  the  middle.  While  this  parting  was  reported  from  only  a 
few  mines,  and  was  generally  quite  thin,  a  short  distance  east  of  this 
locality  it  was  20  inches  thick  and  to  the  west  it  was  reported  as  much 
as  4  feet. 

The  following  notes  on  the  character  of  the  coal  are  taken  from 
a  report  on  the  Milan  quadrangle' 


.23 


"In  the  mines  where  the  coal  bed  has  been  worked,  the  thickness 
varies  from  2%  to  nearly  5  feet.  It  is  a  black,  and  rather  soft  coal,  having  a 
dark-brown  streak.  Where  it  is  normally  developed  it  is  in  a  single  bed 
which  contains  a  parting  with  some  impurities  a  short  distance  below  the 
middle  part.  The  details  of  this  coal  and  associated  strata  at  different 
localities  where  the  bed  could  be  well  studied  are  shown  below: 

Section  of  coal  in  mine  No.  3  of  Coal  Valley  Mining  Company  at  Matherville 

Thickness 
Feet 

Limestone,  dark  7+ 

Shale,  black,  fissile,  fossiliferous i/4 

Coal,  with  much  mineral  charcoal  in  thin  bands,  and  showing  in- 
distinct impressions  of  leaves  and  other  parts  of  plants.  Sul- 
phur occurs  disseminated  in  chunks  or  small  particles  in  the 
lower  part  of  the  coal,  and  in  thin  leaf-like  layers  in  the  upper  ZYj  to  5 

Section  of  coal  bed  in  mine  No.  7  of  the  Aldeii  Coal  Company  at  Matherville 

Thickness 

Ft.  In. 

Limestone,    dark    7-f 

Shale,  dark   3  2 

I  upper  bench  1  4 

Coal   }  middle  bench  10 

( lower  bench,  with  a  little  marcasite  near  the  top 2  6 

Shale,  with  marcasite  and  imprints  of  Stigmaria 1 

Underclay    3  6 

Section  of  the  coal  in  the  mine  of  Dougherty  Bros.,  near  Boden 

Thickness 
Ft.        In. 

Limestone,  dark ■ 14 

Shale,  black,  fissile 2 

Coal    2  10 

Shale,  or  bony  coal,  brown,  containing  marcasite 2 

Underclay,  gray   2+ 


III'    .: 
**  Savage.   T.   E.,   and   I^'dden,   J.    A.,    GeoloKj'^   and   mineral   resourceH   of   the 
Edgington  and  Milan  quadrangles:     111.  State  Geol.  Survey   Bull.   38,  p.   195,   1921. 
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The  following  data  are  taken  from  mine  notes  made  by  various  mem- 
bers of  the  Survey; 

Coat  Valley  Uining  Company  No.  2  mine  at  Bherrard 

Entrance:     shaft,  about  210  f«et  to  coal,  Rook  Island  bed. 

ThrckneBB  of  rock  over  coal:     76  feet. 

Roof:     limestone  In  general,  but  with  Intervening  slate  up  to  10  feet    In 

Coal:  maximum  S4  inches,  minimum  36  inchee,  average  iZ  inches.  Occurs 
In  two  benches,  the  top  being  harder  and  brighter  In  places  the  bottom 
has  numerous  bony  bands. 

Floor:  underclay  at  least  Ave  feet  thick;  in  places  the  clay  Is  separated 
from  the  coal  by  a  bony  layer,  a  thin  sandstone,  or  a  hard  carbonaceous 
shale  known  as  "false  bottom."  When  wet,  the  clay  Interferes  with  min- 
ing by  heaving.    In  places  It  goes  to  the  roof. 

Throughout  most  of  the  mines  the  coal  is  affected  by  slips,  small 
faults,  and  by  rolls.  These  are  of  little  consequence  in  mining  oper- 
ations.    A  tyi)ical  fault  is  shown  in  figure  !). 


Fi(!,9.    Sketch  of  fault  in  Sherrard  mine,  Mercer  County. 

Coat  Valley  Mining  Company  No.  3  mine  at  liatherville 

Entrance:     shaft  about  65  feet  to  coal;  Rock  Island  bed. 

Thickness  of  rock  over  coal:     34  feet. 

Roof:     limestone  with  intervening  "slate"  up  to  S  feet. 

Coal:  maximum  60  inches,  minimum  44  Inches,  average  64  inches.  Two 
benches,  the  upper  harder  and  in  places  brighter  than  the  lower.  Part- 
ings of  sulphur  not  abundant;  more  sulphur  In  plates  along  Joints  and 
crevices.  In  places  the  bed  shows  a  very  large  amount  of  "mother  coal" 
tilled  with  Impressions  of  plants  and  showing  a  charred  woody  structure. 
This  material  occurs  in  layers  and  lenses  which  are  locally  cemented  Into 
hard  masses  by  sulphur. 
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Floor:  underclay,  probably  several  feet  thick,  light  gray,  sandy;  shows 
plant  impressions.  Below  the  clay  is  a  sandstone  which  has  been  pene- 
trated as  much  as  20  feet.  This  bed  is  in  contact  with  the  coal  in  places. 
(Note:  It  may  be  questioned  whether  this  sandstone  is  not  identical 
with  one  reported  from  the  No.  2  Mine  at  Sherrard,  which  was  reported 
there  to  overlie  the  clay.) 

Variations  in  the  thickness  and  position  of  the  coal  are  common. 

Alden  Coal  Company  No.  7  mine  U  Matherville. 

Sntrance:     shaft  about  90  feet  to  coal.  Rock  Island  bed. 

Thickness  of  rock  over  coal:     not  measured. 

Roof:     limestone  with  as  much  as  three  feet  of  black  slate  over  coal  locally. 

Coal:  maximum  57  inches,  minimum  45  inches,  average  54  inches.  Uni- 
formly in  two  benches,  separated  by  a  smut  band.  Considerable  calcite 
throughout  the  coal.    Sulphur  in  thin  veinlets  in  the  bed. 

Other  Coal  Beds 

In  the  southeastern  part  of  Mercer  County  is  an  area  of  a  few 
square  miles  underlain  by  a  coal  lying  above  the  Colchester  (No.  2) 
coal.  This  is  an  extension  of  the  Soperville  field  in  Knox  and  War- 
ren counties  and  it  is  not  well  known  in  Mercer  County.  The  coal 
probably  averages  about  40  inches  in  thickness  and  has  about  the  same 
character  and  associated  beds  as  in  the  adjoining  region.  Details  for 
Mercer  County  are  lacking  and  the  reader  is  referred  to  the  discussion 
of  this  bed  in  Knox  County  for  such  data  as  are  available. 

Small  areas  of  thin  coal  are  known  to  lie  in  T.  13  N.,  R.  2  W., 
in  T.  14  N.,  R.  1  W.,  and  possibly  in  the  extreme  western  portion  of 
the  county,  T.  15  N.,  R.  5  W.  Most  of  these  beds  are  less  than  18 
inches  in  thickness  and  are  not  considered  of  commercial  importance. 

MORGAN  COUNTY 

General  Statement 

Morgan  County  lies  near  the  middle  of  the  east  border  of  Dis- 
trict III,  and  beds  of  early  Pennsylvanian  age  come  to  the  surface 
in  the  western  part  of  the  county  near  Neelys  (PI.  IB).  It  bears 
much  the  same  relation  to  the  main  Illinois  field  as  do  those  counties 
farther  north  like  McDonough  and  Warren,  which  have  a  border  of 
Mississippian  rocks  on  the  west,  and  of  late  Pennsylvanian  rocks  on 
the  east. 


i)2  coal  resources  of  district  iii 

Production'  and  Mixes 

In  1922  the  report  of  the  Department  of  Mines  and  Minerals 
listed  but  three  mines  producing  a  total  of  less  than  1,000  tons.  The 
re|X)rt  for  ]1)23  shows  but  one  oj)erating  mine  producing  400  tons. 

Area  underlain  by  workable  coal 533  sq.  mi. 

Average  thickness   27  inches 

Amount  available  originally 1,340,500,000  tons 

Production,  year  ending  June  30,  1923 400  tons 

Average  annual  production,  1919-1923 2.810  tons 

Total  production  recorded 83,219  tons 

Stratigraphy 

pleistocene  system 

The  covering  of  Pleistocene  over  the  bed  rock  is  relatively  thick, 
averaging  about  40  feet.  Boulder  clay  with  considerable  thickness  of 
sand  and  gravel  is  reported  in  drill  logs.  A  surficial  loessial  clay 
covers  much  of  the  county,  and  is  particularly  thick  in  the  western 
part  near  the  Illinois. 


PENNSYLVANIAN  SYSTEM 


♦t 


The  Pennsylvanian  beds  are  relatively  thin  iji  the  western  jjart  of 
the  county,  bu't  eastward  from  the  vicinity  of  Jacksonville  reach  thick- 
nesses in  excess  of  loO  feet.  There  are  practically  no  outcrops  in 
the  western  part  of  the  county,  and  what  information  is  available  conies 
from  the  coal  and  oil  tests  which  have  been  made.  The  details  of  the 
columnar  section  are  bv  no  means  well  known,  and  as  a  result,  corre- 
lations  within  the  county  are  difficult,  and  between  Morgan  and  adjoin- 
ing counties  impossible.    A  typical  log  follows : 

Lofj  of  boring  at  Jarksonvillc 

Description  of  strata                                                             Tliickness  Depth 

Feet  Feet 

Soil  and  drift 94  94 

Shale,  bluish  gray 58  152 

Coal  3  155 

Fire  clay  3  158 

Shale,  mixed,  yellow  and  blue 62  220 

Limestone,  Mississippian   

It  is  not  imi)robable  that  some  of  the  shale  overlying  the  Missis- 
sipi)ian  limestone  really  belongs  with  the  Mississippian  formation,  re- 
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ducing  the  thickness  of  the  Pennsylvanian  by  that  much.     The  log  of 
a  shaft  from  a  mine  in  section  9  of  T.  14  N.,  R.  10  W.  is  as  follows : 

Log  of  shaft  from  mine  in  sec.  9,  T.  1 }  N.,  R.  10  W. 
Description  of  strata 


Soil  and   drift 

Ltimestone    

Shale,  gray,  "soapstone" 

Shale,  black,  fissile  ("slate").. 
Coal,  with  one  or  two  partings 
Clay,  base  not  exposed 


Thickness 

Ft. 

In. 

29± 

•  • 

5 

•  • 

16 

■  ■ 

3 

•   ■ 

3 

4 

2 

•  • 

In  the  western  part  of  the  county,  in  the  vicinity  of  Neelys,  the 
following  section  is  exposed  in  the  stream  south  of  the  Wabash  Rail- 
road: 

Section  of  Penyisylvanian  strata  exposed  near  Neelys 

Description  of  strata  Thickness 

Feet 

Surface 2 

C^oal,  much  weathered,  with  a  2-inch  clay  band  one  foot  above  the 

base  4 

Clay,  light  to  medium  gray,  slightly  gritty,  base  unexposed 3 

This  coal  is  reported  to  lie  40  feet  above  the  coal  which  was  formerly 

mined  here. 

Structure 

Very  little  is  known  of  the  structure  of  the  Pennsylvanian  beds  in 
Morgan  County.  This  is  partly  due  to  the  lack  of  data  as  to  the  alti- 
tude of  any  given  bed  in  the  section  over  the  county,  but  also  due  to 
the  impossibility  of  correlating  the  coal  beds  in  the  different  parts  of 
the  county.  Thus  the  relation  between  the  Jacksonville  and  Neelys 
coals  is  not  known,  and  the  general  structure  for  the  two  areas  can 
not  be  determined. 

From  the  limited  data  in  the  western  part  of  the  county,  the  Penn- 
sylvanian beds  appear  to  be  flat-lying  except  for  the  usual  local  varia- 
tions common  to  "patchy"  fields.  For  the  Jacksonville  area  somewhat 
more  careful  studies  have  been  made  in  connection  with  oil  studies  and 
the  following  paragraph  is  taken  from  a  recent  report  on  that  field.^* 

"A  detailed  contouring  of  the  Pennsylvanian  structure  or  folding  based 
on  the  correlation  of  a  certain  coal  which  has  been  reported  rather  fre- 
quently in  logs  of  wells  in  the  vicinity  of  this  particular  area  has  been 
attempted.    Contours  are  drawn  on  this  coal,  but  they  can  be  considered  as 


"  CoHingwood,   D,  M.,  Oil  and  gas  development  in   the  vicinity  of   Jackson- 
ville:  111.  State  Geol.  Survey  Bull.   44,  p.  20,   1923. 
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tentative  only.  Not  only  were  the  logs  scarce  and  imperfectly  kept,  but  some 
wells  were  not  close  enough  together  to  enable  exact  correlation,  and  as  it 
was  not  possible  to  run  levels  to  all  of  these  holes  in  the  limited  time  avail- 
able, in  some  cases  the  elevations  had  to  be  estimated  from  comparison  with 
railroad  levels." 

Jacksonville  Coal 

One  of  the  two  areas  in  which  mining  has  been  carried  on  in 
w^estern  Morgan  County  lies  about  five  miles  south  of  Jacksonville. 
Little  is  known  of  the  area  underlain  by  this  coal,  but  it  probably 
extends  as  far  south  as  Woodson  and  the  scattered  drill  records  indi- 
cate that  it  may  extend  beyond  the  south  limit  of  the  county.  It  is 
possibly  of  commercial  thickness  to  within  2  miles  of  Jacksonville, 
but  may  not  be  important  beyond  that  ix)int.  From  records  apparently 
reliable  this  bed  ranges  from  36  to  T2  inches  in  thickness.  An  aver- 
age thickness  is  probably  about  42  inches.  The  roof  is  black  "slate" 
beneath  limestone  cap-rock,  and  gives  little  trouble  in  mining.  The 
floor  is  fire  clay  about  8  feet  thick. 

Neelys  Coal 

Coal  has  been  found  and  mined  at  several  places  in  Tps.  15  and 
16  N.,  R.  12  \V.  While  precise  correlation  between  the  several  occur- 
rences has  not  been  made,  most  of  the  beds  have  been  tentatively 
classed  as  belonging  to  the  zone  of  the  Colchester  coal.  The  coal  at 
Neelys  was  one  of  the  earliest  to  be  worked,  and  hence  the  name  is  in 
common  use.  This  bed  is  not  definitely  knov^'n  to  underlie  any  ex- 
tensive area  in  the  county,  but  may  fairly  be  assumed  to  be  present 
throughout  the  county  east  of  Neelys. 

It  has  an  average  thickness  of  about  24  inches,  ranging  from  20 
to  51  inches  where  worked.  It  is  reported  to  be  of  good  quality,  al- 
though commonly  carrying  considerable  sulphur  in  the  form  of  iron 
pyrites.  The  gray  shale  and  black  fissile  shale  roof  commonly  over 
this  coal  is  absent  at  Neelys,  where  glacial  drift  comes  down  to  the 
coal,  necessitating  considerable  loss  of  coal  as  some  had  to  be  left  up 
for  roof.  The  floor  is  of  gray  clay,  conmionly  showing  remains  of 
plant  fossils. 

Confusion  in  Correlation 

In  the  early  reports  on  the  coal  of  this  county  some  of  the  beds 
were  referred  to  the  Rock  Island  (No.  1 )  of  the  Fulton  County  section, 
others  to  the  Colchester  (No.  2),  and  still  others  to  No.  3.  From 
available  data  it  is  not  clear  that  these  correlations  are  justified,  nor 
indeed  that  all  three  coals  are  present.     Two  coals  are   present   at 
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Neelys,  one  below  drainage,  known  as  the  Neelys  coal,  and  another, 
also  four  feet  thick,  lying  about  40  feet  above  it.  The  latter  has  a 
shale  parting  below  the  middle  and  is  not  recognized  elsewhere  in  the 
county. 

Two  coals  w^ere  reported  from  the  southwest  part  of  T.  IG  N., 
R.  2  W.,  but  it  is  possible  that  a  diflPerence  in  elevation  of  two  coal 
beds  worked  gave  the  impression  of  a  difference  in  stratigraphic  posi- 
tion. 

PIKE  COUNTY 

General  Statement 

Pike  County  lies  on  the  southwest  margin  of  the  coal  basin  and 
has  an  even  thinner  cover  of  "Coal  Measures"  than  Adams  and  Brown 
counties  to  the  north  (PI.  IB).  The  area  is  dissected  by  streams  in 
the  same  way,  giving  a  very  irregular  areal  pattern  with  numerous 
isolated  patches  outside  the  main  Pennsylvanian  field.  This  entire 
field  is  separated  by  the  Illinois  from  the  coal  area  of  Cass.  Morgan, 
and  Macoupin  counties. 

Production  and  Mines 

Pike  County  does  not  appear  in  the  list  of  producers  published 
by  the  Department  of  Mines  and  Minerals.  There  has  been  from 
time  to  time,  particularly  in  the  early  days,  some  exploitation  of  such 
beds  as  appear  in  the  county.  The  opening  of  transportation  across 
Illinois  River  made  the  thicker  coal  in  those  counties  to  the  east  ac- 
cessible, and  very  little  mining  has  been  done  since. 

Area  underlain  by  workable  coal 85  sq.  mi. 

Average  thickness    24  inches 

Amount   available   originally 193,000,000  tons 

Stratigraphy 

pleistocene  system 

The  Pleistocene  is  of  the  same  character  as  appears  in  adjoining 
counties,  although  it  is  not  especially  thick  in  that  portion  of  Pike 
County  underlain  by  coal-bearing  rocks.  A  top  covering  of  loess  from 
5  to  10  feet  is  usually  present.  This  deposit  reaches  thicknesses  of 
nearly  70  feet  in  the  bluffs  at  Chambersburg.  The  underlying  drift, 
comprising  the  usual  boulder  clay  with  small  amounts  of  sand  and 
gravel,  averages  probably  less  than  30  feet  thick. 
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PENNSYLVAXIAN  SYSTEM 

The  Pennsylvanian  beds  outcrop  on  the  west  margin  of  the  coal 
field  in  the  vicinity  of  Hadley  and  along  the  east  margin  from  Mays- 
ville  to  the  northern  boundary  of  the  county.  Very  few  logs  are  avail- 
able which  indicate  the  character  of  the  Pennsylvanian  beds,  although 
there  has  been  considerable  deep  drilling  showing  the  lower  strata. 
The  Pennsylvanian  beds  probably  do  not  exceed  60  feet  in  thickness, 
and  the  greater  thicknesses  are  in  the  northern  part  of  the  county. 
Toward  the  south,  the  coal-bearing  beds  thin  to  a  feather  edge. 

Several  outliers  in  the  vicinity  of  Pittsfield  have  produced  small 
amounts  of  coal.  The  coal  is  mainly  the  Colchester  bed  and  above  it, 
in  many  places  separated  by  a  few  feet  of  gray  shale,  is  a  black  fissile 
shale  which  appears  to  accompany  this  bed  throughout  this  part  of  the 
Illinois  basin.  One  other  stratum  of  importance  is  a  dark  gray  shale, 
highly  calcareous,  which  contains  great  numbers  of  small  brachiopod 
shells,  among  which  Marginifera  mnricatus  and  Chonctcs  mcsolohus 
are  predominant.  A  typical  section  for  the  northern  part  of  the  county 
is  as  follows: 

Typical  Pennsylvanian  section  for  northern  Pike  County 

Description  of  strata  Thickness 

Ft.  In. 

Drift    18 

Shale,  light  gray  to  blue,  very  sandy  near  the  top 45 

Shale,  medium  to  dark  gray,  with  large  argillaceous  limestone 

nodules  in  a  zone  near  the  middle  "Chonetes  bed" 6 

Shale,  black  fissile  and  coal,  soft,  highly  weathered 1             2 

Clay,  medium  gray,  slightly  gritty 2 

Clay,  white  to  light  gray,  abundant  gypsum  crystals,  base  unex- 
posed    3 

A  typical  section  for  the  vicinity  of  Maysville  includes: 

Typical  Pennsylvanian  section  near  Maysville 

Description  of  strata  Thickness 

Ft.  Jn. 

Drift    30 

Shale,  medium  to  dark  gray  "Chonetes  bed" 3 

Shale,  dark  gray,  flaky,  weathers  blue 5 

Shale,  black  fissile 10 

Coal,  highly  weathered 1  7 

Clay,  white  to  gray,  gypsum  crystals 16 

Sandstone,  white,  thin  bedded 2 

Shale,  base  unexposed 1 

Interval    8 

Limestone,  cherty  Mississippian 
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The  section  for  one  of  the  outliers  near  Pittsfield  includes : 

Pennsylvanian  section  near  Pittsfield 

Description  of  strata  Thickness 

Ft.         In. 

Loess  and  drift 98 

"Slate",  black   4 

Coal  1 

Clay,  gray 4 

Flint  rock  and  limestone,  Mississippian 

It  is  apparent  from  the  inspection  of  these  sections  that  the  thicker 
"Coal  Measures"  in  the  north  include  Upper  Pennsylvanian  beds  which 
do  not  appear  at  the  south  end  of  the  field. 

In  the  northern  part  of  the  county,  the  Pennsylvanian  beds  lie 
on  the  Salem  limestone,  but  elsewhere  on  the  Burlington  limestone 
showing  an  unconformity  on  the  Mississippian  beds  which  was  brought 
about  by  an  uplift  of  those  strata,  followed  by  erosion  of  the  upper  por- 
tion of  it  in  pre- Pennsylvanian  times.  The  surface  below  the  Penn- 
sylvanian does  not  have  as  great  relief  as  appears  farther  north. 

Structure 

Very  little  information  regarding  the  structure  of  these  beds  is 
available,  although  a  low  northeasterly  dip  brings  the  Colchester  (No. 
2)  coal  from  650  feet  above  sea  level  on  the  east  margin  to  about  720 
or  740  feet  on  the  west.  Minor  warping  of  these  beds  has  not  been 
worked  out  in  sufficient  detail  for  presentation,  but  it  is  believed  to  be 
unimportant  in  mining. 

Colchester  Coal 

Most  of  Tps.  3  and  4  S.,  R.  4  W.,  as  well  as  additional  areas  on 
the  east  and  west  as  mapped,  are  underlain  by  the  Colchester  (No.  2) 
coal.  Some  of  the  small  outliers  also  contain  coal.  No  bed,  other 
than  the  Colchester,  has  ever  been  found,  and  even  it  is  of  such  thick- 
ness as  to  make  extraction  expensive,  except  by  the  method  of  strip- 
ping where  the  overburden  is  light.  In  such  situation,  the  lack  of 
cover  may  have  resulted  in  some  weathering  of  the  coal,  thereby  ap- 
preciably lessening  its  value.  The  coal  is  rarely  more  than  20  inches 
thick,  averaging  less  than  18  inches. 

In  sec.  10,  T.  4  S.,  R.  5  W.,  is  a  very  limited  area  of  coal  which 
reaches  a  maximum  of  6  feet:  The  character  of  the  bed,  together 
with  its  roof  and  floor  suggest  it  is  Colchester  coal  which  here  is  fill- 
ing a  depression  in  the  Mississippian  limestone,  and  hence  reaches  an 
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unusual  thickness.  Throughout  the  Pike  County  field,  the  roof  is 
gray  shale,  with  an  overlying  black  fissile  shale  or  "slate",  the  gray 
shale  ranging  from  half  an  inch  to  several  feet  in  thickness.  The  floor 
is  unconsolidated  gray  clay,  which  is  locally  sandy. 

ROCK  ISLAND  COUNTY 

General  Statement 

Rock  Island  County  lies  at  the  northwest  margin  of  the  Illinois 
coal  basin ;  consequently  the  beds  of  the  Pennsylvanian  or  "Coal  Meas- 
ures" underlying  most  of  the  county  give  place  in  the  northern  portion 
to  rocks  of  Devonian  and  Silurian  age  (PI.  I  A).  These  latter  are 
exposed  in  places  along  both  Mississippi  and  Rock  rivers  and  their 
tributaries  in  that  part  of  the  county  lying  northeast  of  Andalusia 
and  Milan,  in  Tps.  17.  18,  19,  and  20  N.,  Rs.  1  and  2  E.  and  Rs.  1,  2. 
and  3  W. 

Production  and  Mines 

No  shipping  mines  are  now  operated  in  the  county.  The  small 
production  recorded  comes  from  a  few  country  banks.  The  report 
of  the  State  Mine  Inspector  for  the  fiscal  year  1923  gave  nine  local 
mines  bavins:  a  total  production  of  63,035  tons. 

Area  underlain  by  workable  coal 63  sq.  mi. 

Average  thickness    29  inches 

Amount  available  originally 171.760,000  tons 

Production,  year  ending  June  30,  1923 63,035  tons 

Average  annual  production,  1919-1923 326,334  tons 

Total   production    recorded 3.098,876  tons 

Stratigraphy 

pleistocene  system 

The  beds  of  the  "Coal  Measures"  outcrop  along  stream  channels 
in  places,  but  for  the  most  part  are  concealed  beneath  surficial  mater- 
ials which  here  have  a  maximum  thickness  of  over  200  feet.  These 
consist  of  clay,  sand  and  gravel  of  glacial  origin,  together  with  loess, 
terrace  deposits,  river  alhivium,  and  dune  sands. 

PE  N  N  S  Y  L  V  A  N I A  N  S  YSTE  M 

The  Pennsylvanian  beds  lie  unconformably  on  Devonian  or  Silur- 
ian strata.  The  exposures  near  Rock  Island  show  the  basal  Penn- 
sylvanian beds  to  be  sandstone  and  conglomerate  with  lesser  amounts 
of  shale.     Near  Black  Hawk's  Watch  Tower  across  Rock  River  from 
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^lilan  are  several  exiiosures  showing  Pennsylvanian  beds  rising  over 
protuberant  Devonian  limestone  (fig.  10).  The  pre -Pennsylvanian 
surface  was  rather  uneven,  and  resulted  in  irregular  and  patchy  de- 
position of  early  Pennsylvanian  strata.  W'orthen''  found  CO  to  70 
feet  difference  in  elevation  in  a  coal  bed  in  less  than  a  mile  near 
Hampton,  and  assumed  the  irregularity  to  be  conformable  with  the 
surface  of  the  underlying  limestone. 

Drilling  has  been  concentrated  on  relatively  small  areas,  so  that 
there  is  little  or  no  data  available  as  to  geologic  conditions  over  most 
of    the    county.      From    the    outcrops,    from    the    various    openings 


Fro.  10.  Pennsylvanian  shaly  sandstone  over  protuberant  Devonian 
limestone.    Near  Black  Hawk's  Watch  Tower,  Rock  Island  County. 

on  the  coal  and  from  a  study  of  drilling  records  at  hand,  the  main 
features  of  the  Pennsylvanian  beds  can  be  learne.'l. 

The  extreme  northeastern  margin  of  these  strata  lies  between 
Port  Byron  and  Rapids  City.  From  south  of  Hampton  to  East  Moline 
no  Pennsylvanian  beds  are  known,  but  from  East  Moline  south  and 
west  to  the  bluffs  opjwsite  .Muscatine,  Iowa,  the  county  is  nearly  all 
underlain  by  rocks  of  the  "Coal  Measures".  The  strata  are  not  identi- 
cal in  character  from  place  to  place  and  have  few  fossils  which  serve 
to  identify  them,  yet  by  means  of  the  lithologic  character,  fossils,  and 
structural  relations,  their  strati  graphic  relations  can  be  approximately 
determined. 

The  Pennsylvanian  beds  are  thin  at  the  northeast,  ranging  from 
a  feather  edge  near  Port  Hyron  to  nearly  100  feet  southeast  of  Hamp- 

"Worthen.  A.  H,,  and   Shaw,  James.  Gfol.  Surv,  of  111.   Vol.   V.   p.   231.    IS7S. 
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ton.  Greater  thicknesses  are  met  to  ihe  south  and  ivesi  reaching  a 
maxinmm  of  about  '"J-'ill  feel  in  Buffalo  Prairie  Township  (T.  ](>  \'., 
K.  4  \V.). 

In  (he  northeast  part  of  the  county,  the  Pennsylvanian  rocks  are 
mainly  sandstone.  Over  the  coal  in  the  mines  east  of  Hampton  is  a 
thin  argillaceous  liinestone,  some  shale,  and  an  upper  sandstone  with 
flint  beds,  with  an  underclay  and  some  shale  between  the  coal  and  the 


Fig.  11.    Abandoned    drilt   In    Rock    Island    coat 
showing  overlying  beds  and  10  feet  ot  fosslliteroua 
shale  below,  sec.  9,  T.  19  N..  R.  1  E.,  Rock  Island 
County. 
pre- Pen n.sy Ivan ian    limestones.      The    coal    bed    itself    occupies    only 
two  sinali  basins,  one  near  Rapids  City  and  one  two  miles  front  Hamil- 
ton.    Drilling  shtjws  the  latter  to  lie  beneath  jiarts  of  sees.  13,  IG,  and 
'4'i  of  T.  IK  N.,  R.  1  E.     'ihe  northern  basin  is  probably  of  even  smaller 

The  Pennsylvanian  beds  in  the  Carbon  Cliff  area  (fig.   11)  arc 
in  ]iart  like  tlmse  at  the  northeast,  but  include  other  beds  which  appear 
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to  lie  below  the  coal  section.  These  latter  include  the  dark  carbon- 
aceous shale  now  being  worked  at  the  Tri-City  Brick  Company's  pit. 

In  the  Coal  Valley  area  the  same  beds  appear  in  outcrop  and  mines 
as  at  Carbon  Cliff,  with  some  60  feet  of  beds  below  the  coal  worked 
there. 

To  the  west,  near  Andalusia,  the  Pennsylvanian  rocks  are  exposed 
in  valleys  tributary  to  the  Mississippi.  Here  the  following  section 
was  reported  by  Savage^": 

Exposure  of  Pennsylvanian  strata  near  Andalusia 

Description  of  strata  Thickness 

Ft.  In. 

McLeansboro  formation 

Sandstone,  thin  bedded,  gray  to  yellow,  micaceous 12 

Shale,  gray,  sandy,  in  layers  1  to  6  inches  thick,  with  bands 

of  sandstone  and  thin  clay-ironstone  concretions 25 

Coal   (locally  present) 6 

Shale,  gray : 4 

Limestone,  concretionary,  argillaceous   (locally  absent) ...    1  to  4 
Carbondale  formation 

Coal,   (Herrin,  No.  6  bed?):   locally  present 4  to  11 

Pottsville  formation 

Sandstone,  thin-bedded   4  6 

Coal   (locally  present) 1  1% 

Shale,  gray  to  dark,  with  many  small  concretions  of  clay- 
ironstone  13 

Coal   (locally  present) %  to  1%     . . . 

Sandstone,  gray,  micaceous,  in  thin  layers,  with  a  thicker 

layer  at  the  top 3  6 

Shale,  gray  to  black,  the  middle  part  with  large  concretions 
and  bands  of  dark  nodular  limestone,  the  surfaces  of 
which  are  covered  with  "cone-in-cone"  structures,  and  In 

places  nodules  covered  with  pisolite 21 

Sandstone,  hard,  quartzitic.  in  two  layers 1  6 

Coal,  in  some  places ^  to  2 

Shale,  gray  to  dark 23 

To  the  south,  in  Buffalo  Prairie  Township  (T.  16  N.,  R.  4  W.), 
a  greater  thickness  of  Pennsylvanian  beds  appears.  No  recognizable 
horizon  is  noted  in  logs  from  this  area  but  the  relative  elevation  of  the 
Rock  Island  coal  and  the  beds  recorded  suggest  that  the  Pennsylvanian 
here  may  extend  as  much  as  150  feet  below  the  zone  of  that  coal.  In 
the  extreme  western  part  of  the  county  the  upper  part  of  the  Penn- 


*  Savage,    T.   K.,   and    I'dden.   J.    A.,    Geology   and    mineral   resources   of   the 
Kdgington  and  Milan  quadrangles:  111.  State  Geol.  Survey  Bull.  38,  p.  149,  1922. 
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sylvanian    section    consists    of    sandy    beds,    locally    60    feet    thick.-^ 
These  appear  to  belong  to  the  upper  part  of  the  Pennsylvanian  system. 


n 


100 


.125 


-ISO 


-170 


cxxxxx 


ocx>{?«: 


Kxxyxx 

Kxxxxx 
X.XXXX 

cxxxxx 
yxxxrxx: 


r  •  o 
)    p.  . 


•         » 

>   -^     . 
O     . 

/       • 

QO<XXX> 
xxxxxx: 


:yxx>i 

(XXXXXX-" 


MW  irwn 


ifTBTaTm 


*  *  *  *  * 


I     1 


FFFFf 


^5^ 


Fig.  12.    Graphic  logs  from  eastern  and 
western  parts  of  Rock  Island  County. 
A.    Eastern  part.     B.    Western  part. 


Two  formations  of  the  county  merit  special  notice  because  of  their 
stratigraphic  importance.     These  are  the  limestone,  which  locallv  is 


2f  SavaKe,    T.    K.    and    I'dden.    J.    A.,    (Jeology    and    mineral    resources   of    the 
Edgington  and  Milan  quadrangles:  111.  State  Geol.  Survey  Bull.  38,  p.   152.   1922. 
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tlie  cap-rock  of  the  Rock  Island  coal,  and  the  massive  sandstone  near 
the  top  of  the  section  exposed  near  Muscatine,  Iowa. 

The  coals  of  the  county  are  distributed  irregularly,  are  of  variable 
thickness,  and  appear  at  different  horizons  in  the  Pennsylvanian  sec- 
tion. Typical  logs  from  the  eastern  and  western  parts  of  the  county 
are  presented  for  comparison  (fig.  12).  The  lack  of  adequate  records 
for  the  eastern  part  has  necessitated  the  substitution  of  a  log  from  just 
south  of  the  county  line  in  Mercer  County. 

The  most  important  coal  of  the  county  is  the  Rock  Island  coal 
which  has  been  worked  at  Coal  Valley,  Carbon  Cliff,  and  Hampton. 
Other  coals  appear  above  or  below  this  coal,  but  they  seem  to  have 
a  still  more  limited  development.  In  no  case  has  any  thicker  coal  been 
discovered,  nor  one  with  wider  or  more  uniform  development.  Thin 
coals  have  been  reported  from  near  the  base  of  the  "Coal  Measures" 
but  these  apparently  have  no  commercial  value. 

Structure 

The  base  of  the  Pennsylvanian  beds  in  Rock  Island  County  has 
an  altitude  ranging  from  about  (500  feet  near  Milan  to  about  4T5  feet 
near  Buffalo  Prairie.  The  upf^er  surface  of  the  Pennsylvanian  beds 
ranges  from  about  oCK)  to  over  730  feet.  Since  no  single  stratum  or 
group  of  strata  have  been  recognized  throughout  the  county,  it  is  not 
possible  to  determine  the  structure  of  the  beds  as  a  whole.  Compari- 
son of  the  elevations  of  the  two  formations  above  noted  leads  to  the 
inference  that  at  least  the  upper  Pennsylvanian  l)eds  lie  essentially  flat, 
and  there  is  no  suggestion  in  the  records  at  hand  that  this  attitude  is 
not  maintained  by  the  lower  beds  as  well.  This  general  horizontality 
is  locally  modified,  especially  where  beds  of  coal  appear.  In  such 
places,  as  at  Coal  Valley,  the  whole  series  of  beds  above  the  coal  lie 
in  relatively  narrow  basins,  or  troughs,  and  have  dips  of  approximate- 
ly 30  feet  to  the  mile.  This  low  inclination,  however,  appears  to  rep- 
resent the  original  inequality  of  the  coal  swamp  and  not  to  indicate 
any  structural  deformation. 

Rock  Island  Coal 

The  Rock  Island  coal  is  recognized  in  small  isolated  basins  of  a 
few  square  miles  in  extent  in  T.  18  N.,  R.  1  E.,  in  T.  17  N.,  R.  1  E., 
in  T.  16  N.,  R.  1  W.,  and  doubtfully  in  T.  16  N.,  R.  2  W.  and  in  T.  16 
N.,  R.  4  W.  The  coal  ranges  from  three  inches  to  six  feet  in  thickness 
and  is  rarely  uniform  within  a  single  mine.  There  is  also  considerable 
variation  in  character.  In  some  places  it  shows  no  partings ;  in  others 
two  or  more  bands  of  pyrite  or  shale  separate  the  bed  into  several 
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benches.     As  a  general   rule  the   top  coal   is   harder  and  commonly 
brighter  than   the   lower.     Where  three   benches   are   developed,    the 
middle  is  usually  the  dullest  and  the  bottom  bench  connnonly  contains 
the  most  pyrite  in  balls  and  lenses.     The  roof  is  dark  shale,  locally 
sheeted  and  slaty ;  commonly  there  is  a  cap- rock  of  dark  argillaceous 
limestone.       This  is  a  fossiliferous  stratum  and  carries  the  fusulina 
hitherto  recognized  as  the  index  fossil  of  the  limestone  overlying  the 
Belleville    (No.   6)    coal.     This   limestone  is   usually  less   than   three 
feet  in  thickness,  and  is  overlain  by  a  relatively  massive,  slightly  cal- 
careous shale  of  dark  bluish-gray  color,  commonly  called  the  "blue 
rock"  by  the  miner.     The  distinction  between  these  two  beds  is  more 
marked  on  weathered  surfaces  than  in  the  freshlv-cut  sections.     The 
"blue  rock",  however,  contains  relatively  few  fossils.     The  floor  is  in 
most  places  medium  to  light  gray  clay,  soft,  and  without  laminations. 

Other  Coal  Beds 

Other  beds  are  recorded  in  many  parts  of  the  county.  Locally, 
as  in  Drury  Township  (T.  IG  X.,  R.  5  W.),  they  are  nearly  three  feet 
thick  and  are  worked  as  country  banks.  These  have  in  no  case  been 
fully  prospected,  but  appear  to  have  an  even  less  extensive  develop- 
ment than  the  Rock  Island  coal  and  are  considered  of  little  commercial 
importance.  Probably  some  of  these  beds  lie  stratigraphically  above 
the  horizon  of  the  Rock  Island  coal,  and  some  of  them  undoubtedly  lie 
beneath  that  coal  bed.  The  matter  of  stratigraphic  relations  can  not 
be  cleared  up  until  some  means  of  identification  of  the  lower  beds  in 
the  Pennsylvanian  section  are  found. 

SCHUYLER  COUNTY 

CiEN ERAL   STATEMENT 

Schuyler  County  lies  just  inside  of  the  west  margin  of  the  Illinois 
coal  field  and  as  a  consc([uence  shows  relatively  thin  Pennsylvanian 
beds  between  the  drift  and  the  Mississippian  limestone  formation  be- 
low. Because  of  the  shallowness  of  the  "Coal  Measures",  erosion  by 
streams,  especially  Crooked  Creek  on  the  west  and  Sugar  Creek  and 
Illinois  River  on  the  east,  has  removed  these  beds  from  relatively  wide 
areas,  as  show^n  on  the  map  (PI.  IB). 

PrODUCTIOX  AND   MiNES 

The  report  of  the  Department  of  Mines  and  Minerals  for  1923 
records  a  total  of  36  local  mines  in  the  county,  producing  a  total  of 
^5,636  tons.     Of  this  tonnage  65  per  cent  came  from  the  Rushville 
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bed  and  the  remainder  came  from  the  Colchester  (No.  2)  coal.  The 
mines  are  so  scattered  over  the  county  that  practically  every  township 
is  represented  in  the  list.  Many  strip  pits  are  operated  in  the  summer 
months,  but  during  the  winter  the  other  properties  are  actively  worked. 

Area  underlain  by  workable  coal 202  sq.  ml. 

Average  thickness  28  inches 

Amount  available  originally 538,100,000  tons 

Production,  year  ending  June  30,  1923 25,636  tons 

Average  annual  production,  1919-1923 109,519  tons 

Total  production  recorded 598,927  tons 

Stratigraphy 

pleistocene  system 

The  Pleistocene  deposits  are  of  the  usual  type,  but  are  relatively 
thin  on  the  average.  Various  wells  record  from  7  to  a  maximum 
of  210  feet,  but  in  the  area  underlain  by  "Coal  Measures"  the  Pleisto- 
cene is  probably  little  more  than  50  feet  thick. 

PENNSYLVANIAN  SYSTEM 

The  Pennsylvanian  beds  outcrop  in  most  parts  of  the  county,  but 
are  nowhere  common..  The  more  prominent  outcrops  are  along  the 
Little  Missouri  and  other  tributaries  of  Crooked  Creek  in  the  west, 
along  Sugar  Creek  in  the  vicinity  of  Ray  and  Pleasant  View,  and  along 
Coal  Creek  near  Frederick.  Very  few  logs  showing  the  character  and 
thickness  of  the  Pennsylvanian  beds  have  been  reported  from  the 
county. 

The  accumulated  data  show  the  Pennsylvanian  to  range  from  a 
feather  edge  near  the  boundary  of  the  beds  to  more  than  200  feet  in 
the  Rushville  area.  The  base  of  the  series  is  not  readily  recognized 
because  of  the  presence  of  similar  beds  in  the  upper  part  of  the  Missis- 
sippian  formation.  Therefore  the  total  thickness  may  be  increased  by 
as  much  as  100  feet  where  this  thickness  of  clastic  beds  is  recorded 
on  top  of  the  main  limestone  of  Mississippian  age.  Such  additions 
to  the  known  thickness  appear  in  the  logs  from  sees.  13,  15,  27,  and 
32  of  T.  3  N.,  R.  2  W.  (Littleton  Twp.),  and  in  sec.  3  of  T.  2  N., 
R.  2  W.  Above  these  basal  beds  which  are  doubtfully  Pennsylvanian, 
lie  the  beds  which  are  commonly  exposed  in  the  county.  These  are 
presented  graphically  as  a  generalized  columnar  section  (fig.  13). 

The  lower  four  members  in  the  section  comprise  the  Pottsville 
portion  above  which  lies  the  Carbondale  with  the  Colchester  (No.  2) 
coal  with  its  underclay  at  its  base.  The  low^est  eight  members,  includ- 
ing the  sandstone  over  the  Colchester  coal  are  found  rather  generally 
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Ful.  13.    Generalized  columnar  section  for 
Schuyler  County, 
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over  the  county.  In  the  limited  highland  area  north  of  Rushville  and 
Pleasant  View  is  an  irregular  patch  where  the  Pennsylvanian  beds  are 
considerably  thicker,  and  in  which  are  found  the  upper  eleven  beds  of 
the  section. 

PROMINKNT   BKI>S 

'There  are  several  prominent  beds  in  the  section  by  means  of 
which  it  may  be  possible  to  make  statewide  correlation  of  the  series  in 
Schuyler  County.  These  are  listed  below  with  the  appropriate  index 
letter  referring  to  the  generalized  section  (fig.  1.*?)  : 

I.  The  blue  to  buff,  flne-grained  limestone  lying  about  150  feet  above  the 
No.  2  coal. 

H.    A  gray  fossiliferous  limestone  lying  130  feet  above  No.  2  coal. 

G.     A  5-foot  coal  (Rushville)  lying  125  feet  above  the  No.  2  coal. 

P.     A  gray  nodular  limestone  2  or  3  feet  thick,  110  feet  above  the  No.  2  coal. 

E.  A  massive  sandstone  from  20  to  70  feet  thick,  lying  30  feet  above  No.  2 
coal. 

D.  Dark  blue  limestone,  cherty  in  upper  part,  argillaceous  below,  10  feet 
thick,  lying  20  feet  above  No.  2  coal. 

C.     Colchester  (No.  2)  coal. 

B.  Brecciated  limestone  2  feet  thick  lying  10  feet  below  top  of  the  Colchester 
coal. 

A.  No.  1  coal  of  Worthen,  usually  less  than  1  foot  thick,  but  locally  de- 
veloped in  2  benches  with  18  inches  of  gray  shale  between.  This 
bed  lies  20  feet  below  the  top  of  No.  2  coal. 

Three  coals  are  recognized  in  Schuyler  County  of  which  but  two 
are  worked,  one  in  the  limited  area  north  of  Pleasant  View  and  the 
other  in  all  parts  of  the  county.  These  have  been  correlated  as  Rock 
Island  or  No.  1  bed  at  the  base :  Colchester  or  No.  2  bed  about  25  feet 
over  Rock  Island  coal ;  and  Rushville  or  No.  5  bed  about  125  feet  over 
the  Colchester  coal. 

As  is  usual  in  the  strata  of  the  Pennsylvanian  system,  there  is  con- 
siderable variation  in  the  character  and  thickness  in  relatively  short 
distances.  Thus  the  followMUg  typical  log  of  the  upper  portion  of  the 
section,  taken  from  the  shaft  of  the  Root  mine  in  sec.  23,  T.  2  N.,  R. 
1  W.,  shows  some  marked  differences  when  compared  with  the  gen- 
eralized log  in  figure  13 : 


lOS 
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Record  of  the  upper  portion  of  the  shaft  of  the  Root  mine, 

sec.  23,  T.  2  N.,  R.  1  W. 


Description  of  strata 


Thickness 


Depth 


Drift    

Limestone,  gray 

Shale,  gray  

Limestone,  sandy  

Shale,  light  gray 

Limestone,  "cap  rock" 

Shale,  black,  fissile 

Coal,  without  partings 

Clay,  light  gray 

Coal,  bony 

Clay,  light  gray 


Ft. 
8 
8 
4 
4 

23 

•  • 

2 
5 

•  • 

1 
4 


In. 


6 
8 
6 
5 
3 
6 


Ft. 
8 
16 
20 
24 
47 
48 
50 
56 
56 
57 
61 


In 


6 
2 

8 

1 

4 

10 

10 


While  few  logs  are  available  which  serve  to  indicate  the  character 
of  the  pre-Pennsylvanian  surface,  the  general  relations  of  the  "Coal 
Measures"  to  the  earlier  strata  clearly  suggest  that  the  former  lies  as 
a  thin  veneer  over  the  uneven  surface  of  the  latter. 

Structure 

The  Pennsylvania!!  heels,  though  essentially  flat-lying,  show  a 
slight  eastward  dip,  which  may  he  original,  although  more  probably  is 
related  to  the  upwarping  of  the  Mississippian  beds  in  the  Colmar 
region.  Selected  data  show  a  dilTerence  in  altitude  of  the  Colchester 
coal  amounting  to  02  feet  in  20  miles.  The  limited  workings  in  the 
coal  do  not  reveal  any  minor  structures  of  consequence. 

The  following  statement  from  an  earlier  report  of  the  Survey  gives 
the  structural  relation  of  the  beds  in  this  county  and  in  the  adjoining 
area  to  the  north-** : 

GENERAL   STATEMENT 

"Elevations  upon  either  or  both  coal  No.  2  and  the  basal  contact  of  the 
St.  Louis  limestone  were  secured  wherever  possible  at  intervals  of  one  mile 
or  less.  These  elevations  were  recorded  upon  a  study  map  which  revealed 
the  following  general  structure  of  the  two  beds. 

"In  general,  coal  No.  2  dips  to  the  south  of  east — from  the  highest  eleva- 
tion of  630  feet,  in  sees.  25  and  26,  T.  3  N.,  R.  5  W.  (Augusta),  Hancock 
County,  to  the  lowest  elevation  of  about  500  feet  along  Illinois  River  in  the 
vicinity  of  Browning  and  Frederick,  Schuyler  County.  Upon  this  larger 
structure  in  places  there  are  some  minor  features  which  take  the  forms  of 


"Morse,  W.  C,  and  Kay,  F.  H.,  Area  south  of  the  Colmar  oil  field:  111.  State 
Geol.  Survey  Bull.   31  p.  29,   1915. 
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small  domes,  anticlines,  terraces,  and  synclines.  The  general  dip,  however, 
persists  over  large  areas,  and  the  coal  bed  lies  nearly  flat  in  a  belt  4  to  6 
miles  wide  stretching  from  Littleton  to  a  point  beyond  Mabel  and  probably 
in  a  similar  belt  stretching  southeast  from  Littleton  through  Rushville  to 
Pleasant  View,  although  elevations  in  this  latter  belt  are  very  meagre  because 
of  the  lack  of  coal  outcrops. 

"Like  coal  No.  2,  the  St.  Louis  limestone  in  the  region  under  discussion, 
has  a  general  dip  to  the  south  of  east.  It  dips  from  the  highest  elevation  of 
580  or  590  feet  in  the  vicinity  of  Huntsville  and  the  northwest  part  of 
Schuyler  County  to  the  lowest  elevation  of  about  450  feet  along  Illinois  River 
between  Browning  and  Frederick.  Furthermore,  the  total  amount  of  dip  of 
these  two  horizons  is  about  the  same,  being  130  feet  for  coal  No.  2  and  140 
feet  for  the  St.  Louis  limestone.  Upon  this  general  structure  of  the  St  Louis 
limestone  there  are  also  minor  structural  features  similar  to  those  shown  by 
coal  No.  2. 

"Because  of  the  general  parallelism  between  coal  No.  2  and  the  St.  Louis 
limestone,  and  especially  because  in  areas  where  exposures  of  the  one  are 
absent,  outcrops  of  the  other  are  commonly  present,  it  has  been  regarded 
advantageous  to  combine  the  data  regarding  the  two  beds  in  a  single  map  on 
which  the  altitude  of  the  beds  has  been  shown  by  means  of  contour  lines. 
Where  coal  No.  2  is  present  the  contours  represent  elevations  run  to  that  bed ; 
where  it  has  been  eroded,  its  former  elevation  was  determined  by  running 
elevations  to  the  base  of  the  St.  Louis  limestone  and  adding  to  this  figure 
the  average  thickness  of  beds  between  the  base  of  the  St.  Louis  and  coal 
No.  2.  This  thickness  is  40  feet  at  the  southeast  part  of  the  area  and  in- 
creases regularly  toward  the  northwest.  At  the  northwest  corner  of  Schuyler 
County  the  interval  is  75  feet,  as  determined  by  Mr.  Hinds  in  his  work  in  the 
Colchester  and  Macomb  quadrangles. 

FOLDS  SHOWN  BY  COAL  NO.  2  AND  ST.  LOUIS  LIMESTONE 

"A  minor  dome  has  been  found  in  the  coal  to  the  east  of  Littleton,  its 
apex  being  in  sees.  12  and  13,  T.  3  N.,  R.  2  W.  (Littleton).  The  bed  in  the 
immediate  vicinity  rises  from  about  550  feet  on  the  southeast  and  from  a 
little  less  than  580  feet  on  the  north  to  its  maximum  elevation  of  about  600 
feet.  Both  the  St.  Louis  limestone  and  coal  No.  2  between  sees.  8  and  21. 
T.  2  N.,  R.  2  W.  (Buena  Vista),  lie  at  elevations  10  to  20  feet  higher  than 
they  do  in  the  immediate  vicinity  to  the  north,  east,  and  south,  as  indicated 
on  the  map  (Plate  I).  It  must  be  noted,  however,  that  the  rise  of  the  beds 
!s  a  very  slight  one. 

"Coal  No.  2  in  sees.  14  and  9,  T.  1  N.,  R.  2  W.  (Woodstock),  and  the  St. 
Louis  limestone  in  sec.  33,  T.  1  N.,  R.  2  W.  (at  Ripley),  reach  elevations  20 
to  30  feet  higher  than  they  do  in  the  adjoining  territory.  Between  these 
points  elevations  of  the  beds  are  not  available  for  the  reason  that  they  are 
not  exposed  at  the  surface.  The  area  of  elevated  strata  is  probably  about  as 
that  represented  on  the  map  (PI.  I)  within  the  limits  of  the  540-foot  contour 
line.    It  is  also  a  minor  feature  with  unknown  limits. 

"In  sec.  7,  T.  1  N.,  R.  2  W.  (Woodstock),  and  in  sees  10,  11,  and  13, 
T.  1  N.,  R.  3  W.  (Missouri)— that  is,  at  Scott  Mill— the  St.  Louis  limestone 
reaches  an  elevation  50  or  60  feet  higher  than  it  does  to  the  south.  Although 
elevations  are  not  obtainable  to  the  north,  the  limits  of  the  elevated  beds  are 
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probably  correctly  shown  by  the  570-foot  contour  line.  Coal  No.  2  lies  at  a 
higher  elevation  along  what  seems  to  be  a  small  anticline  whose  axis  runs 
southwest  from  sec.  5,  T.  1  N.,  R.  3  W.  (Missouri),  through  sec.  13,  T.  1  N., 
R.  4  W.  (Pea  Ridge) ;  but  here  also  the  rise  is  only  a  few  feet.  The  coal  bed 
also  rises  rather  rapidly  westward  from  520  feet  to  580  feet  In  sec.  4,  T.  1  S., 
R.  3  W.  (Mt.  Sterling);  but  unfortunately  lack  of  exposures  and  of  field 
study  makes  it  impossible  to  state  now  whether  this  bed  continues  to  rise  in 
this  direction  or  culminates  here  in  its  highest  observed  point. 

"In  the  area  under  discussion  the  greatest  elevation  which  coal  No.  2 
attains  is  near  the  county  line  slightly  north  of  west  of  Huntsville  where  the 
bed  is  more  than  630  feet  above  sea  level.  The  exact  nature  of  this  structure 
is  not  clear,  because  the  bed  is  concealed  to  the  west.  It  seems  probable  that 
it  is  an  elongated  dome,  although  it  may  be  a  terrace  from  which  the  bed  rises 
to  the  north  or  to  the  west,  or  in  both  directions.  The  structure  is  more  pro- 
nouncedly revealed  by  the  contours  on  the  base  of  the  St.  Louis  limestone 
which  reaches  its  maximum  height  slightly  to  the  northeast  of  that  of  coal 
No.  2,  or  along  a  curved  line  extending  from  sees.  34  and  35  northwest  to 
sec.  17,  T  3  N.,  R.  4  W.  (Birmingham).  From  the  east  the  St.  Louis  rises 
rather  rapidly  from  530  or  540  feet  to  580  or  590  feet  along  this  belt  of 
elevated  beds.  Unfortunately  there  are  no  outcrops  to  the  west  which  would 
show  the  altitude  of  the  limestone  farther  in  this  direction,  but  the  sug- 
gestions are  that  the  bed  dips  to  the  west,  beyond  the  belt  of  elevated  strata, 
thus  forming  an  elongated  dome.  If  on  the  contrary  the  limestone  rises  to 
the  west  then  the  structure  is  a  terrace  rather  than  an  elongated  dome.  At 
any  rate,  there  is  a  sudden  arrest  of  the  rapidly  rising  limestone  along  this 
belt  of  elevated  strata  and  there  is  a  terrace  on  the  steeper  portion  of  the 
dipping  limestone  two  miles  east  of  Huntsville  as  shown  on  Plate  I.  The 
Huntsville  uplift  is  represented  graphically  on  the  map  by  contours  based 
on  both  the  limestone  and  coal  elevations." 

Colchester  Coal 

As  shown  on  Plate  1  B,  there  are  two  main  areas  in  which  the  Col- 
chester (No.  2)  coal  is  mined,  the  smaller  lying  south  of  Huntsville 
mainly  in  T.  2  N.,  R.  4  \V.,  and  the  larger  centering  about  Rushville 
and  occupying  most  of  Tps.  1,  2,  and  3  N.,  of  Rs.  1  and  2  W.  The 
deep  incision  by  streams  produces  an  extremely  irregular  pattern  on 
the  areal  map.  Over  these  two  areas  the  Colchester  coal  ranges  from 
18  to  36  inches  in  thickness.  The  coal  is  relatively  clean,  having  no 
persistent  partings  of  foreign  material.  The  top  coal  is  usually  some- 
what harder  than  the  lower  part.  The  roof  is  uniformly  shale  from 
5  to  20  feet  thick,  the  upper  part  usually  sandy.  In  places  the  sand 
content  is  so  great  that  the  whole  bed  is  essentially  a  sandstone.  The 
floor  is  gray  underclay  which  in  many  places  is  sandy,  though  it  serves 
well  as  an  undercutting  bed  in  most  workings. 

This  coal  is  worked  for  local  trade  entirely,  and  most  of  the  oper- 
ations are  on  a  very  small  scale,  with  limited  mining  equipment.     Fig- 
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lire   11   showing  a  drift   in   sec.   Hfi,  T.   .1   \.,  R.   1   W..   represents 
tlie  tvpieal  oulsidc  (.■i|nii"Hcnt  for  mines  H-orking  the  Colcliestcr  coal. 


Kusuviu.E  Coal 

The  Rushville  coal  undi-rlies  only  a  small  jKirtion  of  the  coumy. 
but  has  produced  a  large  perccntajje  of  the  coal  nuned.  It  underlies 
the  area  of  highland  mtnh  of  Rushville  and  Pleasant  View,  but  is  not 
recognized  outside  of  this  tield.  It  ranges  from  lid  to  ''4  inches  in 
thickness  and  is  quite  uniform  in  any  one  mine.  Like. the  Colchester 
coal  it  shows  no  partings  or  benches  and  is  therefore  relatively  clean 
as  mined.  It  is  a  soft  coal  of  easy  and  irregular  fracture,  of  dull 
luster  with  but  few  bands  of  glance  coal  in  the  bed.    Pyrite  and  calcite 
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appear  throughout  the  coal  in  facings  and  pyrite  lenses  are  not  rare. 
C  lay  slips  affect  the  bed  in  some  mines,  but  these  are  of  limited  size 
and  are  not  a  great  hindrance  in  mining. 

The  roof  is  regularly  black  **slate"  from  2  to  3  feet  thick  which 
maintains  an  even  contact  with  the  coal.  The  cap  lime  2  to  3  feet  thick 
overlying  this  combines  with  the  "slate"  to  make  an  excellent  mining 
roof.  In  places  these  beds  have  been  eroded  and  glacial  drift  makes  the 
roof.  This  condition  appears  in  some  strip  pits.  The  floor  is  light  gray 
sandy  clay  which  shows  little  variation  and  serves  well  as  a  mining 
bottom  as  it  rarely  gives  trouble  by  heaving. 

Other  Coal  Beds 

In  the  vicinity  of  Frederick  two  coal  beds  appear  which  are  not 
readily  referred  to  the  foregoing  stratigraphic  section.  Only  the 
uppermost  of  these  is  mined,  as  the  lower  is  not  known  to  be  more 
than  15  inches  thick.  The  upper  coal  now  being  worked  in  Spiller's 
mine  in  section  4,  T.  1  N.,  R.  1  E.,  is  about  34  inches  thick,  without 
benches  or  persistent  partings.  It  shows  pyrite  and  shale  lenses  with 
facings  of  calcite  and  pyrite  throughout.  The  18-foot  shale  compris- 
ing the  roof  is  here  overlain  by  8  feet  of  limestone,  overlain  by  60  feet 
of  sandstone.  This  resembles  the  succession  over  the  Colchester  coal 
east  of  Pleasant  View. 

There  is  also  a  lower  coal  outcropping  in  the  vicinity  of  Pleasant 
View  which  is  correlated  as  Worthen's  Xo.  I.  It  is  so  split  by  shale 
partings  as  to  be  of  no  value  where  sufficiently  thick  for  mining. 

SCOTT  COUNTY 

General  Statement 

The  "Coal  Measures"  of  Scolt  County  are  quite  similar  to  those 
of  Morgan  County  to  the  north  and  of  Greene  County  to  the  south, 
with  the  exception  that  the  only  beds  appearing  w^ithin  the  county 
boundary  belong  in  the  lower,  rather  than  the  upper  part  of  the  Penn  ♦ 
sylvanian  section  (PI.  I  I^>). 

Production  and  Mines 

Coal  mining  is  of  little  conseciuence,  except  in  the  vicinity  of 
Winchester,  Exeter,  and  northeast  of  Alsey.  At  Alsey  an  extensive 
clay  mine  makes  use  of  the  overlying  coal  for  a  part  of  its  supply. 
Nine  mines   producing  a  total   of   5,120   tons   were  .reported   by  the 
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Department  of  Alines  and  Minerals  in  1923.    This  was  approximately 
one-third  less  than  in  1923. 

Area  underlain  by  workable  coal 124  sq.  mi. 

Average  thickness  24  inches 

Amount  available  originally  280,000,000  tons 

Production,  year  ending  June  30,  1923 5,120  tons 

Average  annual  production,  1919-1923 18,004  tons 

Total  production  recorded 547,836  tons 

Stratigraphy 

pleistocene  system 

The  loess  which  caps  the  uplands  of  most  of  the  county  is  thicker 
close  to  the  Illinois,  where  it  reaches  a  maximum  of  over  40  feet. 
The  underlying  Pleistocene  deposits  closely  resemble  those  of  adjacent 
counties.  Boulder  clay,  sand  and  gravel  make  up  the  bulk  of  the  de- 
posits, ranging  from  20  to  95  feet  in  thickness.  In  places,  as  northeast 
of  Alsey,  these  beds  lie  immediately  above  the  coal,  which  thus  can  be 
readily  extracted  by  stripping.  In  the  main,  however,  the  Pleistocene 
deposits  cause  little  difficulty  in  coal  mining. 

PENNSYLVANIAN  SYSTEM 

The  "Coal  Measures"  underlie  only  the  eastern  half  of  the  county, 
the  Mississippian  limestone  outcropping  in  the  creeks  along  the  line 
of  the  bluflfs,  between  Winchester  and  Alsey.  Doubtless  much  greater 
irregularity  exists  in  this  line  than  appears  on  the  map,  which  is  based 
on  a  reconnaissance  survey.  As  a  result  of  this  relation  to  the  Mis- 
sissippian beds,  the  "Coal  Measures"  thin  to  a  feather  edge  at  the 
west,  while  at  the  east  margin  they  are  nearly  175  feet  thick.  Outcrops 
are  found  along  the  creeks  in  the  vicinity  of  Exeter,  along  Big  Sandy 
about  2  miles  east  of  Winchester  and  in  sec.  14,  T.  13  N.,  R.  12  W., 
northeast  of  Alsey.  Farther  west,  the  Mississippian  rocks  outcrop 
prominently  along  the  creeks.  Worthen^®  gives  the  following  section 
as  representative  for  the  county: 

Representative  Pennsylvanian  section  for  Scott  County 

Description  of  strata  Thickness        Depth 

Ft.  Ft. 

Sandstone  and  shale 30  30 

Limestone    2  32 

Bituminous  shale  (Coal  No.  2?) .3  35 

Sandstone  and  shale 35  70 

Bituminous  shale 5  75 

•Worthen,  A,  H.,  Geol.  Surv.  of  111.  Vol.  Ill,  p.  136,  1868. 
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Representative  Pennsylvanian  nevtion  for  Hcott  County — Concluded 

Description  of  strata  Thickness         Deptli 

Ft.  Ft 

Coal  (Exeter  No.  1 ) 3  78 

Clay  shale,  dark  blue 3  81 

Limestone,  dark  blue,  dense 4  85 

Shale,  or  "potter's"  clay   12  97 

Sandstone,  shaly  and   conglomeratic  with  iron  ore  and 

locally  thin  coal  12  109 

Limestone,  Mississippian 

The  following  section  from  the  vicinity  of  Alsey  is  representa- 
tive of  the  Pennsylvanian  in  the  southern  part  of  the  county: 

Typical  Pennsylvaiiian  section  for  southern  part  of  Scott  Count]/ 
Description  of  strata  I         Thickness  Depth 


Sandstone 

Shale,  sandy 

Sandstone. 

Shale,  medium  gray 
Shale,  black  fissile. . 
Shale,  light  gray. . . 
Coal 


Ft. 

15 

1 

•   ■ 

1 
3 


Clay,  sandy 

Interval  concealed  (probably  shale).. 

Limestone,  brecciated,  nodular 

Clay,  light  to  dark  gray  (Cheltenham) . 
Coal,  lenticular,  with  1  in.  shale  below. . 
Limestone,  ( Mississippian ) 


In. 

•  • 

6 
10 


3 

2 
S 


3 
4 


Ft. 

15 
16 
17 
IS 
21 
21 
23 
24 
27 
31 
37 
3S 


In. 

•  • 

6 

4 
4 
4 
7 
9 
5 
5 
5 
5 


The  similarity  in  the  two  sections  above  is  marked,  but  the  identi- 
fication of  the  Exeter  bed.  made  by  Worthen,  is  probably  incorrect. 
The  presence  of  the  bituminous  shale  or  "slate"  over  the  36-inch  coal, 
and  of  the  dense  nodular  limestone  4  or  5  feet  below  the  coal  rather 
definitely  fixes  this  as  the  Colchester  or  No.  2  coal  of  southwestern 
Illinois.  This  coal  presumably  underlies  the  eastern  half  of  the  county, 
whereas  the  thinner  coal  below  is  but  locally  develop.ed  and  does  not 
constitute  an  appreciable  part  of  the  coal  of  the  county. 

It  does  not  appear  that  the  base  of  the  "Coal  Measures"  of  this 
county  is  marked  by  great  relief,  but  the  lower  portions  may  be  the 
site  of  deposition  of  a  basal  coal  corresponding  to  the  No.  1  coal  of 
Worthen*s  type  section.  The  relation  of  the  Exeter  coal  to  that  of 
the  Neelys  coal  in  the  extreme  western  part  of  Morgan  County  is 
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not  clear.  According  to  Worthen,  the  upper  bed  at  Neelys  lies  25 
or  30  feet  above  the  Exeter  coal.  It  is  there  48  inches  thick,  but  does 
not  appear  to  have  any  extensive  development. 

Structure 

The  beds  lie  essentially  flat  over  the  eastern  part  of  the  county, 
showing  only  a  moderate  dip  which  does  not  carry  the  coal  below- 
workable  depths  within  the  county  limits. 

Exeter  Coal 

Coal  has  been  mined  only  in  the  vicinity  of  Exeter,  Winchester, 
and  Alsey,  yet  the  Exeter  bed  appears  to  underlie  the  whole  eastern 
half  of  the  county.  Available  data  do  not  show  whether  it  is  the  same 
bed  throughout  the  field,  but  the  general  character  of  the  roof  and 
floor  and  of  the  coal  itself  suggests  this. 

The  bed  has  an  average  thickness  of  30  inches  and  is  not  known 
to  de])art  greatly  from  this  amount  in  any  mine.  The  roof  is  soap- 
stone  with  black  fissile  shale  above  and  gray  shale  over  the  "slate'*. 
The  floor  is  gray  clay  about  2  feet  thick  underlain  by  a  3-foot 
bed   of   nodular,   brecciated   limestone,   known   as   the   "sump   rock." 

Coal  Beds  Below  the  Exeter  Bed 

In  several  places  in  the  county  thin  carbonaceous  beds  lie  at  or 
near  the  base  of  the  Pennsylvanian  strata.  These  locally  may  reach 
a  thickness  of  about  two  feet,  but  because  of  their  lenticular  shape 
and  generally  bony  character  have  not  been  attractive  to  prospectors, 
and  therefore  cannot  be  said  to  be  a  factor  in  the  coal  resources 
of  the  county. 

WARREN  COUNTY 

General  Statement 

Warren  County  lies  at  the  western  margin  of  the  Illinois  cojll 
field  and  includes  a  small  portion  of  the  boundary  of  the  Pennsyl- 
vanian beds  (PI.  I  A).  This  boundary  is  mapped  approximately,  but 
numerous  well-logs  located  near  the  edge  of  the  Pennsylvanian  area 
indicate  a  very  marked  irregularity  for  this  line.  As  drawn,  it  lies 
west  of  any  of  the  known  coal  beds  and  approximates  the  margin 
of  the  main  area  of  the  "Coal  Measures"  disregarding  the  numerous 
small  outliers  of  sandstone  and  shale.  The  western  two-thirds  of  T. 
12  X..  R.  3  W\,  and  the  northern  half  of  T.  11  N.,  R.  3  W^.  are  un- 
derlain by  Mississippian  beds  only.  Elsewhere  the  Pennsylvanian  rocks 
underlie  the  drift  in  considerable  thickness. 
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Production   and  Mines 

For  many  years  past  there  have  been  no  shippinj^  mines  in  War- 
ren County,  although  a  considerable  amount  (;f  coal  has  been  obtained 
from  year  to  year  from  the  country  banks.  The  annual  production 
has  varied  greatly  but  at  no  time  has  it  been  important.  In  J  1)23  there 
were  recorded  nine  local  mines  with  a  total  production  of  but  little 
more  than  10,000  tons.  These  mines  are  scattered  over  the  county 
from  north  to  south  with  a  majority  in  the  southern  two  tiers  of  town- 
ships. 

Area  underlain  by  workable  coal 281  sq.  mi. 

Average  thickness  32  inches 

Amount  available  originally 866.500,000  tons 

Production,  year  ending  June  30,  1923 10.312  tons 

Average  annual  production,  1919-1923 29,087  tons 

Total  production  recorded 513,381  tons 

Stratigraphy 

pleistocene  system 

The  Pleistocene  covering  of  the  bed  rock  in  Warren  County  is  ex- 
tremely uneven.  This  is  in  part  due  to  the  surface  relief  but  is  mainly 
accounted  for  by  the  irregularity  of  the  bed  rock  surface  itself.  The 
greatest  thickness  recorded  is  233  feet,  in  sec.  5,  T.  11  X.,  R.  3  \V. 
The  drift  includes  considerable  amounts  of  blue  clay  with  some  sand 
and  gravel.  In  places  buried  soil  and  fragments  of  wood  indicate  the 
presence  of  more  than  one  drift  sheet. 

pennsylvanian  system 

The  Pennsylvanian  beds  show  thicknesses  up  to  about  200  fet^t. 
These  beds  are  largely  sandy  shale  and  shale  with  subordinate  amounts 
of  sandstone  and  little  or  no  limestone.  Because  of  the  large  amount  of 
drift  the  outcrops  of  bed  rock  are  few.  In  the  northern  part  of  the 
county  they  are  found  in  the  SE.  J4  of  T.  12  N.,  R.  2  W.  and  in  the 
NW.  34  of  T.  11  N.,  R.  2  \V.,  about  four  miles  north  of  Monmouth.  In 
the  southern  part  of  the  county,  where  the  stream  dissection  has  pro- 
ceeded further,  are  numerous  outcrops  along  creeks  in  T.  8  N.,  R.  2  \V., 
and  T.  8  N.,  R.  1  W.,  as  well  as  in  T.  9  N.,  R.  1  W.  Further  informa- 
tion on  the  Pennsylvanian  beds  is  obtained  from  drill  logs  which  are 
fairly  well  scattered  over  the  county,  although  somewhat  concentrated 
in  the  southern  third. 

A  very  large  number  of  shallow  borings  have  been  made  but  these 
rarely  reveal  the  bed  rock  below  the  drift.     On  the  other  hand  a  large 


WARREN  COUKTY 


117 


number  of  deeper  borings  ended  at  the  horizon  of  the  Colchester  coal 
so  that  relatively  few  logs  show  the  thickness  and  character  of  the 
whole  Pennsylvanian  section  in  this  county. 

The  general  character  of  the  Pennsylvanian  beds  is  indicated  by 
the  following  logs : 

Log  of  boring  in  T,  8  N.,  R.  1  W. 

Description   of  strata  Thickness        Depth 

Ft.  Ft. 

Clay,  yellow   18  18 

Clod,  blue    2  20 

Coal,  Colchester   1  21 

Slate,   dark    29  50 

Limestone,  gray  8  58 

Clod    2  60 

Coal,  Rock  Island 3  63 

Slate,  black   12  75 

Limestone,  Burlington  125  200 

Log  of  boring  in  T.  10  N.,  R.  1  W. 


Description  of  strata 


Thickness 


Depth 


Soil 

Clay,  yellow 

Sand,  yellow 

Shale,  blue 

Limestone,  white . . . 

Shale,  black 

Sandstone  (water) . 

Rock,  black 

Sandstone 

Limestone 

Coal   (Rock  Island) 


Ft. 

1 

17 

10 

16 

2 

18 

6 

6 

4 

10 

3 


Ft. 
1 
18 
28 
44 
46 
64 
70 
76 
80 
90 
93 


In 


8 


Two  beds  in  the  Pennsylvanian  section  have  been  used  as  horizon 
markers  with  fair  success  although  identification  of  either  in  drill  logs 
is  open  to  question.  One  is  the  Colchester  coal  which  appears  to  be 
recognizable  in  the  southern  part  of  the  county,  and  the  other  is  the 
f usulina  limestone  overlying  a  coal  which  is  tentatively  correlated  with 
the  Rock  Island  bed.  The  limestone  is  positively  identified  in  sec.  15, 
T.  11  N.,  R.  2  W.;  in  sees.  14  and  24,  T.  12  N.,  R.  2  W. ;  sec.  4,  T. 
9  N..  R.  3  W. ;  sec.  9,  T.  9  N.,  R.  2  W..  and  sees.  24,  25,  26,  T.  9  N., 
R.  1  W.     The  Colchester  coal  has  been  tentatively  identified  in  the 
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sfHithern  part  of  the  county  where  contours  have  been  drawn  on   its 
upper  surface. 

The  relation  between  the  Rock  Island  and  the  Colchester  coal  beds 
is  determined  in  but  few  places  since  both  beds  are  rarely  recognized 
in  any  one  section.  In  [)laces  where  the  identification  seems  accurate, 
the  upper  bed  is  from  1 T  to  nearly  40  feet  above  the  lower.  The  inter- 
vening rocks  are  shale  or  sandy  shale  except  for  the  clay  below  the 
upi)er  coal  and  the  thin  limestone  capping  the  lower. 

In  places  a  thin  coal  is  reported  lying  below  the  Rock  Island  bed, 
but  is  nowhere  of  workable  thickness  and  is  therefore  not  considered 
in  an  estimate  of  the  resources  of  the  county. 

In  the  northeastern  part  of  the  county  a  few  logs  record  the  pres- 
ence of  a  coal  of  workable  thickness  which  appears  to  lie  too  high  to 
be  correlated  with  the  Colchester  coal  and  is  tentativelv  classed  with 
the  coals  lying  above  that  bed. 

Structure 

Little  information  is  available  f(^r  the  determination  of  the  struc- 
ture of  the  Pennsylvanian  beds  in  Warren  County.  Xo  recognizable 
stratum  is  continuous  over  the  area  which  is  underlain  by  rocks  of  this 
system  nor  is  it  possible  to  use  any  combination  of  two  beds  to  deter- 
mine the  structure.  Pearlier  work  in  the  area  to  the  south/''"  however, 
resulted  in  the  drawing  of  contours  on  the  surface  of  the  Colchester 
coal  in  the  southern  part  of  the  county. 

Examination  of  available  data  brings  out  the  point  that  this  bed 
shows  no  marked  regional  dip.  Instead,  it  appears  to  be  involved  in  a 
series  of  three  upwarps,  one  of  w^hich  plunges  eastward,  and  the  other 
two  trend  southwestward.  The  first  arching  in  which  a  relief  of  nearly 
80  feet  is  indicated  is  in  the  vicinity  of  Roseville  and  involves  the  beds 
from  near  Smithshire  on  the  northwest  to  the  southeastern  corner  of 
the  county.  A  low  broad  arching  is  similarly  shown  near  Cameron,  but 
here  the  difference  in  elevation  is  but  40  feet.  Apparently  the  area  of 
sharpest  folding  lies  between  Gerlaw  and  Utah,  in  the  northeastern  part 
of  the  county,  where,  although  the  relief  is  less  than  near  Roseville, 
the  inclination  is  appreciably  greater. 

Inasmuch  as  these  structures,  as  outlined,  are  based  on  limited 
data,  and  since  where  information  is  better  the  structures  are  more 
complicated,  it  is  probable  that  these  broad  features  of  the  structure 
are  actually  modified  greatly  by  unobserved  deformations  and  that   a 
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true  structural  map  would  exhibit  numerous  arches,  basins,  and  other 
types  of  structure  where  present  data  indicate  only  smooth  gentle 
slopes. 

Colchester  Coal 

The  most  important  coal  in  the  county  is  that  known  as  the  Col- 
chester coal.  Over  a  considerable  i)ortion  of  the  county  this  bed  has 
been  reported  in  mines  and  drill  logs.  In  many  of  these  places  it  has 
not  been  positively  identified  and  about  half  the  county  is  known  to  be 
underlain  by  it.  Ranging  from  a  few  inches  to  about  three  feet  in 
thickness,  it  still  shows  considerable  uniformity  and  probably  averages 
about  30  inches  in  the  area  mapped  as  containing  workable  coal.  Be- 
cause of  its  lenticular  development  it  is  probable  that  there  are  areas 
of  thin  coal  within  that  mapped  as  one  of  commercial  thickness.  The 
thick  cover  of  glacial  drift  may  also  conceal  areas  of  workable  coal 
lying  outside  the  area  mapped. 

The  coal  is  of  fair  quality  in  most  places,  and  although  mostly 
dull  with  but  few  bright  bands,  it  shows  no  persistent  partings  of  shale 
or  bone.  Facings  of  calcite  and  gypsum  are  common,  as  are  small 
lenses  and  balls  of  pyrite.  The  roof  is  usually  "soapstone",  a  light  gray, 
rather  massive  shale  which  is  sandy  toward  the  top  and  in  places 
grades  laterally  into  sandstone.  Above  the  shale  is  commonly  a  foot 
or  more  of  fissile  black  shale,  known  as  "slate"  by  the  miners  and  which 
locally  carries  calcareous  or  pyritic  nodules.  The  floor  is  uniformly 
orray  plastic  clay  several  feet  thick. 

Other  Coal  Reds 

Because  of  its  greater  thickness  and  generally  superior  quality  the 
Rock  Island  coal  has  been  worked  more  than  the  Colchester  bed.  It  is 
much  less  widely  developed,  however,  and  hence  can  not  be  consid- 
ered as  important  a  resource.  It  is  known  in  two  parts  of  the  county, 
one  northeast  of  Monmouth  where  it  is  about  42  inches  thick  and  the 
other  along  the  southeastern  margin  in  which  it  is  somewhat  thinner. 

The  coal  is  relatively  soft,  and  notably  laminated  with  prominent 
bright  and  dull  bands.  A  bony  or  shale  [)arting  near  the  middle  is 
usually  present,  and  the  lower  bench  is  softer  than  the  top.  Facings 
of  calcite,  gypsum  and  pyrite  are  common  so  that  the  ash  and  sulphur 
content  are  generally  high.  The  roof  is  good,  comprising  a  cap  lime- 
stone with  a  foot  or  two  of  black  fissile  shale  between  it  and  the  coal 
in  places.  The  floor  is  sandy,  either  sandstone  or  sandy  shale, 
which  is  in  places  overlain  by  a  few  inches  of  carbonaceous  shale  called 
"false  bottom." 
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A  third  area  of  workable  coal  has  been  mapped  in  Warren  County 
in  the  extreme  northeastern  part  where  little  mining  or  testing  lia> 
been  done.  The  data  from  adjoining  parts  of  Knox  and  Mercer  coun- 
ties, however,  strongly  suggest  the  presence  of  a  bed  of  coal  of  work- 
able thickness  east  of  Alexis.  This  bed,  which  seems  to  lie  above  the 
horizon  of  the  Colchester  coal,  is  estimated  to  be  about  30  inches  thick, 
but  so  little  is  known  of  its  extent  or  character  that  its  value  as  a 
resource  can  easily  be  overestimated. 

WHITESIDE  COUNTY 

General  Statement 

Whiteside  County  lies  along  the  north  margin  of  the  Illinois  coal 
basin,  and  includes  only  a  few  small  patches  of  rock  of  Pennsylvanian 
age  (PI.  I  A).  These  are  not  known  to  contain  any  coal;  hence  there 
are  no  mines  or  prospect  pits  within  the  county  boundaries. 

Stratigraphy 
pennsylvanian  system 

The  presence  of  Pennsylvanian  rocks  is  known  from  outcrops, 
quarries,  and  borings.  These  show  that  the  distribution  of  the  beds  is 
irregular,  but  the  precise  area  underlain  by  them  is  not  known.  The 
section  known  comprises  sandstone  with  thin  interbedded  shale.  Fair 
exposures  are  found  in  the  old  quarries  at  Unionville  and  also  about 
five  miles  southwest  in  sees.  19  and  20,  T.  21  N.,  R.  4  E.  Not  more 
than  12  feet  is  exposed  in  any  place,  and  while  the  rocks  show  some 
variation  in  bedding,  it  is  nearly  uniform  in  character.  It  is  white 
sandstone  of  essentially  clean  quartz,  iron  stained  on  weathered  sur- 
faces, and  not  well  cemented.  It  contains  impressions  of  plant  stems, 
and  appears  to  have  been  deposited  in  fresh  water  or  shore  phase  of 
the  sea.  From  the  relation  in  elevation  between  the  Unionville  quarry 
and  the  outcrop  of  Niagaran  (?)  limestone  one  mile  east,  and  the 
absence  of  evidence  of  inclination  of  the  sandstone  bed,  it  appears  prob- 
able that  the  Pennsylvanian  rocks  occupy  depressions  in  the  old  lime- 
stone surface  of  pre- Pennsylvanian  time.  In  this  case  they  presumably 
are  erosion  remnants  of  a  more  widespread  formation  laid  down  near 
the  margin  of  the  area  of  Pennsylvanian  deposition.  The  stratigraphic 
position  of  these  sandstones  is  not  clear.  There  is  no  available  evidence 
suggesting  whether  they  were  deposited  in  early  or  late  Pennsylvanian 
time.  If  a  late  overlap  of  Pennsylvanian  phase  occurred  in  Henry  and 
Rock  Island  counties,  it  is  logical  to  assume  that  these  beds  belong  to 
that  time. 
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SUMMARY  OF  COAL  RESOURCES 

For  convenience  of  reference  the  tabulated  matter  presented  in 
Table  4  has  been  repeated  in  i)art  in  the  reports  for  each  county.  All 
available  data  have  been  utilized  in  the  estimation  of  the  coal  resources, 
but  it  is  obvious  that  such  estimates  must  be  approximate.  The 
area  underlain  by  workable  coal  was  measured  by  planimeter  from  a 
base  map  on  which  the  coal  fields  were  plotted.  Where  two  beds  un- 
derlie the  same  field,  the  smaller  area  is  not  included  in  the  total  area 
for  the  county,  although  it  is  included  in  the  estimate  of  total  available 
tonnage.  The  average  thickness  of  the  coal  beds  in  different  parts 
of  each  county  were  combined  with  reference  to  the  areas  involved 
in  each  in  arriving  at  an  average  thickness  for  each  county. 

Production  figures  have  been  taken  from  the  reports  of  the  De- 
partment of  Mines  and  Minerals,  which  contain  the  most  nearly  accur- 
ate record  of  statewide  production.  Recognized  inaccuracies  appear 
here  also,  particularly  in  the  decades  preceding  1900,  but  these  are 
mainly  of  omission  and  correction  of  them  would  serve  to  slightly 
increase  the  estimated  production. 

On  the  commonly  accepted  assumption  that  nearly  as  much  coal 
has  been  rendered  unfit  for  mining  as  has  been  mined,  an  idea  of  the 
present  available  tonnage  is  obtained  by  subtracting  from  the  estimated 
originally  available  tonnage  about  1.8  times  the  recorded  total  produc- 
tion. 

Because  of  the  overlaj)ping  of  the  adjoining  districts  the  inclusion 
of  certain  counties  in  the  figures  for  District  III  has  necessarily  been 
arbitrary.  Thus  in  the  case  of  Bureau  County,  so  small  a  part  of  the 
whole  county  is  included  in  the  district  that  figures  for  area  and  pro- 
duction are  not  significant,  and  are  omitted.  Similarly  for  Fulton, 
Jersey,  Knox,  Madison  and  Mason  counties  the  figures  for  production 
are  not  presented  because  of  the  impossibility  of  separating  the  small 
tonnage  properly  to  be  credited  to  the  coals  of  District  III  from  that 
for  the  whole  county.  Estimates  of  area  of  workable  coal,  average 
thickness,  and  original  tonnage  for  these  counties  are,  however,  includ- 
ed, except  that  no  attempt  has  been  made  to  include  the  area  underlain 
by  the  lower  coals  where  the  upper  coals  are  of  importance. 
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Tabu-:  4. — Nummary  of  coal  resources  in  District  Til 


County 


Adams 

Brown 

Calhoun 

Cass 

Fulton- 

Greene 

Hancock .... 
Henderson" . 

Henry 

Jersey* 

Knox" , 

Madison* 

McDonough . 

Mercer 

Morgan 

Pike" 

Rock  Island . 

Schuyler 

Scott 

Warren 

Whiteside... 


Total 


Area  of 

workable 

coal 

Sq.  mi. 

369 

182 

8 

265 


204 
7 

22 
307 

11 
517 

29 
267 
127 
533 

85 

63 
202 
124 
281 


3.603 


Average 
thickness 


Inches 
24'* 
24 
24 
36 

«   ■   • 

24 

30 

29" 

43'* 

24 

36»» 

24 

24 

27*' 

24 

29'» 

28" 

24 

32" 


Original 
tonnage 


Production 
1881-1923         192:{ 


838,720.000 

412.820.000 

17.900,000 

897,000.000 


Tons 
464 
26.489 
96.087 

182.609 


461.000.000 

19.270.000 

59.580.000 

1.247.530.000 

24,600.000 

1,727.000.000 

65.750.000 

604,700,000 

412,130.000 

1.340,500,000 

193,000,000 

171.760.000 

538,100.000 

280.000.000 

866,500,000 


407,006 
243.473 


I 


2,204,138  I 

13,689,352  . 

83,219  I 


Tons 


150 


9,014 


8.811 
9.:U:: 


4.754,791         58.074 


39.275 

400 

25.964 


3,098.876 

63,035 

598,927 

25,636 

547,836 

5.120 

513.381 

10,312 

10,177,860,000       26,446,648      255.104 


•  StatlKtiCB  not  available. 

•»  Figure  obtained  by  calculation  involving  areas  of  different  beds. 
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PREFACE 

In  the  course  of  the  inquiry  conducted  by  the  Bureau  of  Mines,  Oepart- 
ment  of  the  Interior,  for  the  United  States  Coal  Commission,  into  losses  in- 
curred in  mining  bituminous  coal  in  the  eastern  part  of  the  United  States,  a 
study  was  made  of  the  principal  coal-mining  districts  of  Illinois  by  the  late 
C.  A.  Allen. 

Coal  losses  in  the  Illinois  field  have  received  unfavorable  comment  from 
mining  engineers  for  at  least  a  decade,  and  the  present  period  of  depression 
is  serving  to  awaken  the  interest  of  the  more  progressive  operators  in  the 
problem.  It  is  believed  that  the  presentation  of  the  detailed  data  obtained  by 
Mr.  Allen,  not  involving  mine  labor  and  surface  subsidence  problems,  will  be 
of  value  to  those  concerned  with  the  coal  Industry. 

The  chief  merit  of  the  report  lies  in  the  fact  that  it  is  the  result  of  a 
comprehensive  and  systematic,  though  rapid,  survey  of  the  more  important 
coal  mining  districts  of  the  State  by  an  especially  competent  and  impartial 
observer. 

The  coal-mine  operators  of  Illinois  cordially  cooperated  in  supplying 
data  requested,  assisted  in  preparing  records  and  estimates,  and  courteously 
facilitated  examination  of  mines  and  records.  Advice  and  assistance  were 
also  cordially  given  Mr.  Allen  in  his  studies  by  the  various  officials  of  the 
State  mining,  geological,  and  educational  branches. 

The  work  was  conducted  through  C.  E.  Lesher  of  the  Engineering  divi- 
sion of  the  Commission,  and  his  assistant,  W.  M.  Drake,  Jr.,  and  was  under 
the  supervision  of  H.  Foster  Bain,  Director  of  the  U.  S.  Bureau  of  Mines,  and 
George  S.  Rice,  chief  mining  engineer  of  the  Bureau  of  Mines,  and  during 
his  absence  in  Europe,  of  J.  W.  Paul,  chief  of  coal-mining  investigations  of 
the  Bureau. 

M.  M.  LEIGHTON,  Chief, 
Illinois  Geological  Survey. 
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GOAL  LOSSES  IN  ILLINOIS 

By  C.  A.  Allen 

GENERAL  SUMMARY 

Eleven  fields  in  twenty-seven  counties  are  discussed  in  this  report, 
and  represent  nearly  the  whole  of  the  coal  output  of  Illinois,  which 
amounts  to  between  CO  and  88  million  tons  annually.  In  1921  the  out- 
put was  almost  70  million  tons.  Twenty  mines  were  examined  and 
data  were  procured  from  131  mines,  accounting  for  half  of  the  coal 
mined.  Omitting  the  Northern  Illinois  field,  in  which  the  longwall 
system  of  mining  is  employed,  and  where  the  extraction  is  95  per  cent, 
the  losses  in  the  other  fields  are  much  the  same,  and  vary  between 
43  and  53  per  cent,  and  average  49.7  per  cent.  This  means  that,  in 
the  mining  of  69,785,000  tons,  as  in  1921,  an  amount  almost  equal  to 
this  total,  namely  67,045,000  tons,  was  lost.  Pillars  account  for 
most  of  this  loss,  the  average  being  39  per  cent;  but  the  investigation 
showed  that  32  per  cent  of  this  loss  is  avoidable.  Therefore,  instead 
of  the  extraction  being  50  per  cent,  it  should  be  82  per  cent.  In  south- 
ern Illinois  there  is  a  rather  large  loss  of  roof  coal — namely,  7  per  cent ; 
while  in  Peoria  and  Fulton  counties  there  is  a  heavy  loss  of  15  per 
cent  due  to  coal  being  left  under  Water-bearing  strata  and  wet  and 
tender  roof. 

COAL  LOSSES  IN  THE  NORTHERN  ILLINOIS  COAL 

FIELD 

Introduction 

This  report  covers  that  part  of  northern  Illinois  where  mining  is 
carried  on  by  the  longwall  method,  and  includes  the  following: 

Table  l.^-Coal  production  of  mines  in  northern  Illinois 


County  1  Mines 


La  Salle 7 

Bureau 5 

Marshall '  2 

Grundy       '  2  '  202,926 


Tons  in  1921 

384,813 
556,671 


Total 16 


1,374,317 


One  trip  was  made  underground  in  this  field,  and  five  operators 
were  interviewed. 
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In  addition  to  the  longwall  mines  which  are  working  No.  2  bed, 
or  the  so-called  **Thir(l  Vein",  there  is  one  room-and-pillar  mine  in 
No.  5  bed.  This  mine  produces  about  170,000  tons  per  year,  and  re- 
covers approximately  50  per  cent  of  the  coal.  To  include  this  with 
the  longwall  mines  would  tend  only  to  confuse,  and  as  it  has  not  suf- 
ficient tonnage  to  be  reported  alone,  it  would  seem  better  to  neglect 
this  mine  altogether. 

In  the  longwall  mines,  the  only  effort  made  was  to  determine  if 
any  appreciable  amount  of  coal  was  left  under  buildings,  railroads,  or 
streams;  and  after  studying  this  factor,  and  discussing  the  matter 
with  three  companies,  it  was  found  that  the  coal  left  thereunder 
amounts  to  only  a  fraction  of  one  per  cent. 

The  only  other  loss  possible  is  in  the  coal  thrown  back  with  the 
impurities.  The  seam  is  about  liy^  feet  thick,  and  there  are  occasion- 
ally sulphur  bands  through  it,  but  they  occur  with  no  regularity.  Also, 
occasionally  the  roof  coal  sticks  to  the  overlying  rock.  George  S.  Rice, 
chief  mining  engineer  for  the  Bureau  of  Alines,  Department  of  the 
Interior,  states  that  careful  figures  kept  over  a  period  of  five  years 
showed  that  95  per  cent  of  the  coal  was  recovered  at  one  mine;  and 
the  late  H.  H.  Stock  of  the  University  of  Illinois  stated  that  at  another 
mine  the  loss  from  coal  thrown  back  with  impurities  amounted  to  7 
per  cent.  Inasmuch  as  figures  from  some  other  longwall  districts 
have  shown  a  loss  of  only  4  i)er  cent,  it  is  assumed  that  the  loss  in  this 
field  is  approximately  5  per  cent. 

Tabijc  2. — Summary  of  coal  losses  in  northern  Illinois 


Reason  for  loss 


Percentage  of  market- 
able coal  lost  in  area 
worked 


Avoidable 
loss 


ToUl 
loss 


Coal  left  as  roof  and  bottom  coal Fraction 

I  of  1 

Coal  lost  in  room,  entry,  and  panel  pillars |  None 

Coal  lost  In  oil  or  gas-well  pillars None 

Coal  lost  under  buildings,  railroads  and  boundaries  Fraction 

of  1 
Coal  lost  in  handling  and  preparation,  underground; 

and  surface    5 

Coal    lost    due    to    rolls,    thin    or   dirty    areas,    or 

streams     None 


Total  loss,  per  cent 


illinois  coal  losses  9 

Losses  in  Overlying  Coal 

Inasmuch  as  the  lower  seam  being  worked  is  only  Sy^  feet  thick, 
and  is  80  feet  below  No.  5  bed,  the  writer  would  not  expect  the  No.  5 
bed  to  be  seriously  affected.  At  one  mine,  where  No.  5  is  being 
worked,  it  is  reported  that  the  roof  is  cracked  a  little,  but  otherwise 
it  gives  them  no  trouble,  and  the  recovery  of  the  coal  is  not  influenced 
by  the  work  underneath. 

COAL  LOSSES  IN  THE  PEORIA  AND  FULTON  COUNTY 

FIELDS 

Introduction 

This  district  comprises  the  counties  of  Peoria,  which  has  11  ship- 
ping mines  with  a  production  of  1,102,002  tons  in  1921;  Fulton,  with 
28  mines,  producing  1,471,137  tons;  and  Tazewell,  with  7  mines,  pro- 
ducing 691,359  tons.  The  total  production  of  the  district  in  1921  was 
3,264,498  tons.  This  district  comprises  part  of  District  IV  of  the 
Illinois  Coal  Mining  Investigations,^  and  in  University  of  Illinois 
Bulletin  100*,  the  following  description  is  given : 

"In  District  IV  tlie  No.  5  coal  is  mined.  The  average  thickness  of  this 
coal  is  4  feet  8  inches,  according  to  data  taken  at  240  mines  and  given  in  the 
Thirty-first  Annual  Coal  Report  of  Illinois.  The  No.  5  bed  outcrops  in 
Peoria,  Fulton,  and  Knox  counties,  but  is  found  at  greater  depths  toward  the 
east. 

"The  roof  is  of  black  sheety  shale  varying  in  thickness  from  a  few  inches 
to  35  feet,  and  containing  occasionally  "nigger-heads"  of  pyrite.  In  many 
mines  there  is,  in  places,  a  layer  of  pyrite  2  or  3  inches  thick  between  the 
coal  and  the  shale.  Where  this  layer  is  present,  the  shale  is  protected  from 
the  air  and  stays  up;  where  it  is  not  present,  the  shale  falls  badly,  and  some- 
times caves  to  a  height  of  35  feet.  A  limestone  occurs  above  the  shale  in 
most  mines,  though  in  a  few  places  a  fine  grained  micaceous  sandstone  is 
found.    In  some  cases  the  shale  is  absent,  and  the  cap-rock  becomes  the  roof. 

"A  great  many  clay  veins  extend  through  the  coal  and  the  roof  shale; 
there  are  also  small  faults,  slips,  and  rolls,  and  places  where  the  coal  has 
been  eroded  and  the  space  has  been  filled  with  drift.  It  is  difficult,  therefore, 
to  calculate  the  total  tonnage  and  to  project  any  plan  of  operation.  In  many 
places  the  coal  adheres  to  the  roof  and  separates  from  it  with  difficulty.  In 
one  mine  about  an  inch  of  coal  is  left  to  protect  the  roof  shale  from  the  air. 
In  most  mines  the  floor  consists  of  a  dark  gray  clay  which  heaves  badly 
when  wet." 

The  coal  bed  in  the  area  covered  by  this  report  is  from  4  to  5 
feet  thick,  averaging  about  4  feet  4  inches.  The  principal  impurity 
consists  of  clay  veins,  which  are  very  irregular  both  in  size  and  distri- 


^  Cady,  G.  H.,  Coal  resources  of  District  IV  (Peoria-Sprlnjffleld) :  111.  Coal 
Mining  Investigations  Bull.  26.  1921. 

■  Young,  C.  M.,  Percentage  of  extraction  of  bituminous  coal  with  special 
reference  to  Illinois  conditions:  Engineering  Experiment  Station  Bull.  100,  p. 
36,   1917. 
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bution.  Two  mines  were  examined  in  the  district,  and  data  were 
secured  from  mining  engineers  of  3  other  mines.  The  method  of  min- 
ing is  room-and-pillar,  and  the  workings  are  usually  laid  out  in  panels. 
Rooms  are  driven  30  to  35  feet  on  center,  and  are  from  22  to  30  feet 
wide.  Barrier  pillars,  30  to  35  feet  wide,  are  left  along  the  main  and 
cross  entries. 

Losses  of  Coal 

Coal  is  not  left  to  support  valuable  surface  as  in  the  Springfield 
district  of  Illinois.  Some  of  it  is  good  farming  land,  but  most  of  the 
country  is  rough  and  hilly.  The  only  place  pillars  are  left  is 
along  railroads  and  streams.  In  some  parts  of  the  field  there  are 
water-bearing  formations  lying  above  the  coal,  so  that  when  the  roof 
is  cracked  a  large  quantity  of  water  comes  into  the  mine.  Just  how 
this  water  occurs  is  not  known,  but  it  apparently  does  not  affect  much 
of  the  area  being  mined.  No  attempt  is  made  to  recover  any  pillars 
either  under  water-bearing  strata  or  elsewhere.  In  addition  to  the 
coal  left  in  the  pillars  in  the  regular  work,  considerable  areas  are  left 
where  the  roof  is  very  tender  and  wet.  Theoretically,  the  area  of  the 
bed  lost  is  from  24  to  35  per  cent,  but  the  superintendent  of  one  of 
the  mines  visited  reported  that  he  had  made  a  careful  estimate,  and 
found  that  they  were  getting  only  between  45  and  50  per  cent,  which 
would  mean  a  loss  of  between  55  and  50  per  cent.  The  chief  engineer 
of  another  company  stated  that  in  11)'^  1  he  planinietered  a  map  of  the 
workings,  and  checked  it  against  the  tonnage  hoisted,  and  found  they 
had  saved  only  alx)ut  40  per  cent  of  the  area  worked  over.  From 
figures  on  the  same  mine  for  a  numl)er  of  years  past  the  coal  saved 
amounted  to  slightly  less  than  37  per  cent.  Of  the  60  per  cent  lost 
in  1921,  about  10  per  cent  was  lost  in  areas  abandoned  owing  to  a 
wet  and  tender  roof.  If  these  figures  had  not  been  secured,  the  writer 
would  have  ]>lace(l  the  extraction  at  well  over  50  j>er  cent,  but  at  the 
mine  where  they  had  carefully  estimated  between  45  and  50  f>er  cent 
recovery  this  was  believed  to  be  a  very  good  average  of  the  district, 
so  the  figure  47  per  cent  has  been  accepted. 

In  this  field  some  solid  coal  is  left  under  streams,  and  at  the  mines 
examined  the  coal  so  left  amounted  to  approximately  3  per  cent.  In- 
asmuch as  the  railroad  ran  along  the  stream,  the  same  coal  serves  to 
support  it.  The  depth  of  the  cover  is  not  great,  ranging  from  a  few- 
feet  up  to  about  150  feet,  so  that  any  caving  of  the  roof  would  be 
readily  transmitted  to  the  surface.  The  coal  lost  in  handling  and 
preparation  is  probably  not  as  high  as  in  the  Springfield  district,  be- 
cause the  clay  veins  are  less  frequent  in  most  mines,  and  consequently 
less  coal  is  wasted  in  throwing  out  the  clay. 
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On  the  basis  of  present  information  the  writer  would  therefore 
put  the  loss  as  follows: 

Cause  of  loss  Per  cent 

In  room,  entry,  and  panel  pillars 36 

Under  streams  and  tender  roof 15 

In  handling  and  preparation 3 

Total  loss   53 


AVOIDABLE  LOSSES 

The  coal  lost  under  streams  and  railroads  and  that  lost  in  handling 
and  preparation  are  unavoidable.  Of  the  coal  left  as  pillars,  unquestion- 
ably some  is  necessary  on  account  of  the  water  conditions  overhead. 
However,  the  pillars  which  are  now  being  left  are  not  sufficient  to 
hold  the  roof  up  for  any  great  length  of  time.  Some  of  the  operators 
claim  that  a  sandstone  not  far  above  the  coal  will  prevent  any  surface 
cracks,  which  may  be  the  case  over  part  of  the  field,  and  of  course 
where  this  is  so,  the  condition  would  be  changed  by  a  systematic  pillar 
drawing,  because  the  sandstone  would  have  to  break.  From  the 
writer's  observations,  taking  into  consideration  the  fact  that  certain 
parts  of  the  field  have  no  trouble  with  w^ater,  and  a  high  percentage  of 
the  coal  could  be  extracted,  it  is  believed  that  it  would  be  reasonable  to 
assume  that  75  per  cent  could  be  saved  in  the  entire  field,  which  would 
be  28  per  cent  more  than  they  are  saving  at  the  present  time — that  is, 
the  avoidable  loss  is  28  per  cent. 

Tablb  3. — Summary  of  coal  losses  in  PeoriorFtiUon  cowity  fields 


Reason  for  loss 


Percentage  of  total  market- 
able coal  lost  in  area  worked 


Coal  left  as  roof  and  bottom  coal 

Coal  lost  in  room,  entry,  and  panel  pillars . . . 

Coal  lost  in  oil  or  gas-well  pillars 

Coal    lost    under    buildings,    railroads    and 
boundaries   


Coal  lost  in  handling  and  preparation,  under- 
ground and  surface 

Coal  lost  due  to  rolls,  thin  or  dirty  areas,  and 
streams'   


Total  loss,  per  cent 


Total  loss 

None 

35 
None 

Included  in 

above  and 

last  item 

3 

15 


Avoidable  loss 


28 


53 


28 


•  Includes  coal  left  under  wet  and  tender  roof. 
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COAL  LOSSES  IN  THE  CENTRAL  AND  BELLEVILLE 

DISTRICTS 

Introduction 

The  Central  and  Belleville  districts  have  been  combined  in  this 
report  as  all  the  general  conditions  are  similar  in  both;  but  separate 
summaries  have  been  made  for  each  district  as  there  is  a  difference 
in  the  percentage  of  coal  extracted.  The  Belleville  field  includes  what 
is  frequently  known  as  the  Centralia  field.  Some  details  of  produc- 
tion are  given  in  the  following  table : 

Tabf^  4. — Coal  production  of  the  Belleville  and  Central  fields 


Belleville  district 


County 


St.  Clair 

Randolph 

Clinton 

Marion 

Perry  (part) . . 
Madison 


Mines   I  Tons.  1921 


56 

10 

6 

3 

9 

20 


Central  district 


County 


6,281,000 
1.894.000 
1,165,000 
842.000 
822,000 
4,216,000 


Macoupin . . . 

Montgomery 

Christian . . . 

Sangamon 
(southern 
part) 


Tons,  1921 

7,516.000 

322,000 

3,216,000 

1,845.000 


Four  trips  were  made  underground  in  the  two  fields,  and  definite 
data  were  secured  on  47  mines  producing  a  total  of  14,000,000  tons 
annually. 

Description  of  Coal  Seam 

The  coal  being  mined  in  these  fields  comes  from  the  No.  6  bed  of 
the  Illinois  Geological  Survey,  and  in  general,  the  conditions  are 
similar  to  the  No.  6  bed  where  it  had  previously  been  studied  in  other 
districts.  The  thickness  of  the  seam  varies  from  4^  to  9  feet,  and 
probably  averages  TJ4  ^^et.  It  is  a  little  thicker  in  the  western  part 
of  the  Belleville  field  than  it  is  in  the  eastern  part,  and  apparently 
attains  its  greatest  average  thickness  in  Macoupin  and  Christian  coun- 
ties. The  only  persistent  impurity  in  the  bed  is  the  "blue  band",  which 
occurs  about  18  inches  from  the  floor.  The  other  impurities  contained 
are  mother  coal  and  sulphur  bands.  The  latter  occur  to  a  greater 
extent  in  the  northern  part  of  the  Central  field  than  in  the  Belleville 
field. 

The  thickness  of  cover  ranges  from  16  to  232  feet  in  St.  Qair 
County,  from  45  to  330  feet  in  Randolph  County,  from  318  to  410  feet 
in  Clinton  County,  from  600  to  714  feet  in  Marion  County,  and  from 
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86  to  287  feet  in  Madison  County— all  in  the  Belleville  field.  In  the 
Central  Illinois  field,  the  coal  in  Macoupin  County  has  a  cover  of  268 
to  380  feet ;  in  Montgomery  County,  380  to  C40  feet ;  in  Christian 
County.  360  to  T35  feet;  and  in  Sangamon  County,  from  270  to  328 
feet.  These  are  the  depths  of  the  working  shafts,  and  due  to  the 
generally  flat  surface  of  the  country,  give  the  approximate  thickness 
of  cover. 

Character  of  Roof  ano  Floor 

The  roof  and  floor  of  No.  fi  bed  in  these  districts  are,  generally 
speaking,  the  same  as  in  southern  Illinois — that  is.  there  is  the  usual 


Fio.  1.  Section  of  mine  workings  in  Greene  County 
sbowing  coal  lost  by  caved  root  due  to  thin 
pillars. 

cap-rock  of  limestone,  lying  from  a  few  inches  to  30  feet  above  the 
coal,  and  between  this  limestone  and  the  top  of  the  coal  there  are 
bands  of  material  grading  from  a  soft  clay  to  a  hard  "slate".  Wher- 
ever the  limestone  lies  within  a  few  inches  of  the  coal  it  makes  a  good 
roof,  but  wherever  it  is  high  above  the  coal,  and  the  material  between 
is  soft,  there  is  a  very  bad  roof  (fig.  1).  Sometimes  in  one  mine, 
an  entry  wilt  have  these  extremes  of  roof  within  2,000  feet.     Gener- 
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ally  the  roof  is  better  in  the  Belleville  field,  which  means  that  over 
more  of  that  area  the  cap- rock  comes  close  to  the  coal.  Because 
Madison  County  has  a  good  roof  over  much  of  the  area  it  has 
been  included  in  the  Belleville  field.  Some  roof  coal  is  left  up  in 
the  Central  field,  on  account  of  the  greater  area  of  tender  roof  and 
the  tendency  of  the  bed  to  attain  a  thicker  average. 

The  floor  is  fire  clay,  varying  in  thickness,  with  a  harder  stratum 
of  rock  below  it. 

Method  of  Mining 

Room-and-pillar  methods  of  mining  are  used  exclusively,  with 
the  exception  of  one  longwall  mine  in  Christian  County,  which  is  in 
the  No.  2  bed,  and  has  not  been  considered.  In  the  southern  part  of 
the  Belleville  field  there  are  more  mines  using  straight  room-and- 
pillar  system  than  there  are  mines  using  the  panel  system ;  but  the  op- 
posite is  the  case  in  the  Central  district.  The  widths  of  rooms  and 
pillars  vary  considerably,  and  there  is  apparently  no  relation  between 
the  thickness  of  cover  and  the  dimensions  of  the  workings,  except 
where  the  cover  is  very  shallow.  In  the  Belleville  field  one  mine  with 
a  150- foot  cover  and  a  good  roof  has  30- foot  rooms  on  60- foot  cent- 
ers; the  room-necks,  crosscuts,  and  room  entries  are  all  21  feet 
wide.  At  another  mine  close  by  where  the  roof  is  bad  the  entries 
are  narrowed,  but  the  dimensions  of  the  rooms  are  not  changed,  and 
reliance  is  placed  upon  the  timber  to  hold  up  the  bad  roof.  x\nother 
mine  in  the  Belleville  district  has  30-foot  rooms  on  S-i-foot  centers, 
with  wide  entries  and  crosscuts.  The  cover  is  307  feet.  Another 
mine  with  a  cover  of  380  feet  has  40- foot  rooms  on  80- foot  centers. 
Where  the  roof  is  bad  the  entries  but  not  the  rooms  are  narrowed. 
Another  mine  with  220  feet  of  cover  has  35-foot  rooms  on  TO-foot 
centers;  the  entries  are  from  14  to  21  feet  wide,  and  room-necks 
and  crosscuts  are  21  feet  wide.  Nearly  all  the  rooms  are  approxi- 
mately 250  feet  in  length.  At  one  mine  in  the  southern  part  of 
the  Central  Illinois  field,  rooms  280  feet  long  are  driven  40  feet  wide 
on  80-foot  centers.  At  several  other  mines  near  the  southern  part, 
rooms  are  30  feet  wide  on  GO-f oot  centers ;  the  room-necks  and  entrv 
crosscuts  are  all  21  feet  wide;  also  entries  are  21  feet  wide.  The 
room  crosscuts  are  30  feet  wide.  The  cover  is  309  to  342  feet.  At  one 
mine  in  the  northern  part  of  this  district,  rooms  are  26  feet  wide  on 
45-foot  centers.  The  depth  of  cover  is  about  250  feet.  At  another 
mine  rooms  are  24  feet  wide  on  40-foot  centers,  with  room-necks  12 
feet  wide.  The  entries  are  also  narrow,  the  cover  being  352  feet. 
At  one  mine  in  the  northeastern  part  of  the  Central  field,  rooms  are 
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30  feet  wide  on  55-foot  centers ;  the  cover  is  450  feet,  but  room- 
necks  and  entries  are  narrowed  to  10  or  12  feet.  In  nearly  all  mines 
where  the  panel  system  is  used  the  barrier  pillars  are  about  70  feet 
wide,  and  the  fire  pillars  between  the  ends  of  the  rooms  are  10  to  20 
feet  wide. 

Calculation  of  Coal  Losses 

Despite  the  fact  that  the  same  formation  occurs  over  the  entire 
area,  there  is  a  great  variation  in  the  immediate  roof  conditions,  and 
considerable  time  was  spent  trying  to  determine  how  much  of  the  area 
was  affected  by  the  roof  conditions.  The  State  mine  inspectors  fur- 
nished considerable  information,  also  some  mine  superintendents  and 
surveyors  were  met  who  were  familiar  with  many  different  mines. 
A  number  of  calculations  were  made,  taking  the  actual  dimensions  of 
the  working  places  as  a  basis,  and  showing  a  loss  in  the  pillars  of 
from  37  to  45  per  cent  in  the  Belleville  field,  and  from  40  to  48  per 
cent  in  the  Central  Illinois  field.  In  the  panel  work,  the  barrier  pillars 
amount  to  from  5  to  10  per  cent  of  the  total  loss;  and  in  the 
straight  room-and-pillar  work  they  amount  to  less  than  2  per  cent. 
In  top  coal  the  loss  is  negligible  in  the  Belleville  field,  but  in  the  Cen- 
tral field  a  number  of  mines  leave  roof  coal  in  a  certain  number  of 
the  rooms.  After  much  inquiry,  it  is  believed  that  the  figure  of  1J4 
per  cent  represents  the  average  over  the  entire  Central  field. 

ACTUAL  FIGURES  ON   EXTRACTION 
BET.LEVILLE  FIELD 

Four  coal-mining  engineers  in  this  district  report  that  their  ex- 
traction is  54  per  cent,  60  to  65  per  cent,  52  to  55  per  cent,  and  50 
per  cent,  respectively.  The  writer  examined  a  large  number  of  maps 
in  the  Court  House  at  Belleville,  and  found  that  the  last  mentioned 
company  leaves  a  great  deal  of  pillar  coal,  and  its  extraction  could 
not  average  50  per  cent  if  the  surveying  were  accurately  done.  How- 
ever, they  were  mostly  small  mines. 

Taking  into  account  the  relatively  high  percentage  of  unusually 
good  roof  in  the  Belleville  field,  the  writer's  estimation  is  that  extrac- 
tion is  almost  55  per  cent. 

CENTRAL  ILLINOIS  FIEJJ) 

Some  of  the  figures  of  recovery  from  No.  6  coal  in  the  Central 
field  covering  the  southern  part  of  Sangamon  County  were  given  in  the 
report  on  the  coal  losses  in  the  Springfield  District.  The  following 
figures  were  given  by  engineers  for  different  companies:  (1)  50  per 
cent;  (2)  7  mines  in  Sangamon  County  including  mines  in  No.  5  and 
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6  beds  average  48.12  per  cent;  six  mines  in  Christian  County  oper- 
ated by  the  same  company  average  49.!)4  per  cent:  (3)  in  northern 
Macoupin  County,  51 J4  and  .'i2  per  cent,  and  in  Montgomery  County, 
43  per  cent;  (4)  at  Divernon  in  northern  Macoupin  County,  47  per 
cent,  and  at  Mt.  Olive  in  southern  Macoupin  County,  48.6  per  cent; 
(5)  mines  near  Gillespie,  50  per  cent,  except  in  one  mine  where  top 
coal  is  left  owing  to  bad  roof,  and  where  the  extraction  is  54  per 
cent.  Taking  everything  into  consideration,  the  writer  estimates 
that  the  extraction  is  50  per  cent,  based  on  the  assumption  that  no 
attempt  is  being  made  to  recover  barrier  pillars  on  the  retreat. 


Flu.  2.    Section    at    mine    workings    In    St.    Clair 
County  showing  pillars  not  extracted. 

AVOIOABLE  LOSSES 

The  principal  reason  for  leaving  the  pillars  in  this  area  is  the  high 
value  of  the  surface  land  (fig.  2);  this  excuse,  however,  is  not  ap- 
plicable over  the  entire  area.  Around  Belleville,  and  in  the  entire  Belle- 
ville field,  there  is  considerable  rolling  country  where  pulling  pillars 
would  do  practically  no  damage.  In  Madison  County,  the  countr>' 
is  rolling  from  ColUnsville  to  Edwardsville ;  from  Edwardsville  to 
Staunton  it  is  very  level,  but  from  Staunton  to  GillesjMe  it  is  roi^h 
again.     Around  Hillsboro  it  is  rough,  and  pillars  could  well  be  ex- 
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tracted.  It  is  of  course  impossible  lo  state  all  the  conflicts  that  would 
come  up  in  an  attempt  to  draw  pillars,  but  it  seems  to  the  writer  that 
80  per  cent  extraction  should  be  secured  in  the  Belleville  district  as  a 


Pto.  3.  Coal  lost  by  protection  of  surface  improTR- 
ments.  Section  ot  mine  worklnge  in  Randolph 
County. 


Table  6. — Summary  of  cool  loasei  *n  the  BeJlevnie  and  Central  fleldg 


Reason  for  loss 


Coal  left  on  roof  and  bottom 

Coal  lost  in  room,  entry,  and  panel  plllara  (flg.  31 

Coal  lost  In  oil  or  gas-well  pillars 

Coal  tost  under  bulldinga,  railroads,  end  boundaries 
Coal  lost  in  handling  and  preparation,  underground 

and  surface    

Coal   lost  due   to   rolls,   thin   or   dirty   areas,   and, 

streams    

Total  loss,  per  cent ' 


Percentage  of  market- 
able coal  lost  In 
area  worked 


Total 

Avoidable 

loss 

loss 

0.7 

«.o 

26 

None 

0.8 

2.7 

.. 

0.3 

47.  B 

26 
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whole.  In  the  Central  field  there  is  more  level  land,  and  as  discussed 
in  the  report  on  the  Springfield  district,  some  coal  should  be  left,  so 
its  possible  extraction  is  77  per  cent. 

There  is  one  thing  that  must  be  taken  into  consideration.  In  the 
Belleville  field  limestone  forms  the  roof  in  probably  one  third  of  the 
area.  This  makes  an  excellent  roof,  and  except  where  the  limestone 
thins  out  it  should  stand  almost  indefinitely,  which  means  that  the 
workings  could  be  re-entered  at  any  time  and  the  pillars  extracted. 
If  this  should  ever  be  done,  it  would  increase  the  extraction  in  the 
Belleville  field,  taken  as  a  whole,  by  approximately  10  per  cent. 

COAL  LOSSES  IN  THE  SPRINGFIELD  DISTRICT 

Introduction 

The  district  covered  in  this  report  includes  the  counties  of  Logan, 
Macon,  Menard,  and  Sangamon.  Logan  County  has  3  shipping  mines, 
and  produces  approximately  345,000  tons;  Macon  County  has  3  ship- 
ping mines,  and  produces  227,000  tons ;  Menard  County — the  number 
of  mines  unknown — produces  341,000  tons;  Sangamon  County  has 
about  29  mines,  and  produces  5,957,000  tons,  of  which  1,800,000  tons 
come  from  No.  6  bed.  Practically  all  the  other  mines  in  the  counties 
named  are  in  No.  5  bed. 

In  studying  this  district,  two  trips  were  made  underground  in 
No.  5  bed,  and  one  in  No.  6  bed,  and  eight  different  maps  were  studied. 

Coal  Reserves 

The  State  Geological  Survey  of  Illinois  has  recently  made  a  care- 
ful survey  to  determine  the  coal  resources  of  the  different  fields  in  the 
State,  and  its  resource  figures  are  therefore  based  on  practical  rather 
than  on  theoretical  considerations. 

Beds  Being  Worked 

Both  No.  5  and  6  beds,  as  defined  by  the  Illinois  Geological  Sur- 
vey, are  being  worked  in  this  district.  The  mining  conditions  are 
very  similar,  with  the  exception  of  the  conditions  brought  about  by 
the  difference  in  the  impurities  which  are  found  in  the  beds.  No. 
6  bed  is  mined  in  Sangamon  County,  south  of  Springfield,  and  is  6 
to  7  feet  thick.  It  has  a  very  persistent  band  of  dirt  near  the  bottom 
called  the  "blue  band",  about  Yi  inch  thick.  There  are  also  usually  two 
or  three  dirt  bands  through  the  bed,  but  they  do  not  occur  with  the 
same  regularity  as  the  "blue  band".    This  bed  lies  from  270  to  320  feet 
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below  the  surface.  The  No.  5  coal  is  from  41/^  to  7  feet  thick,  and 
averages  approximately  6  feet.  Its  impurities  consist  of  clay  veins 
or  "horsebacks"  as  they  are  locally  known,  and  an  occasional  band  of 
sulphur.  The  clay  veins  are  the  most  difficult  to  overcome  in  mining 
because  they  are  sometimes  found  every  15  or  20  feet  throughout  the 
bed,  and  have  a  thickness  varying  from  a  knife-blade  up  to  several 
feet.  Again,  in  other  places,  workings  will  be  carried  for  100  or  200 
feet  without  encountering  a  single  clay  vein.  The  No.  5  coal  lies 
from  160  to  600  feet  below  the  surface,  but  throughout  most  of  the 
field  it  is  from  200  to  250  feet. 

Nature  of  Roof  and  Floor 

The  immediate  roof  over  No.  5  bed  is  either  a  black  "slate"  or  a 
gray  shale,  either  of  which  varies  greatly  in  thickness.  They  are 
usually  from  6  to  18  inches  thick,  and  are  overlain  in  places  by  a  few 
thin  strata  of  soapstone  and  sandy  shale.  Above  these  softer  strata 
there  is  nearly  everywhere  a  cap-rock  of  limestone  or  sandstone  varying 
from  a  few  inches  to  several  feet  thick.  The  condition  of  the  roof  de- 
pends upon  the  toughness  of  the  immediate  roof.  As  a  rule,  the  black 
"slate"  holds  well  unless  broken  by  too  many  clay  veins  but  the  gray 
shale  is  usually  tender.  It  might  be  said  that  25  per  cent  of  the  roof  is 
very  good,  25  per  cent  is  very  bad,  and  the  remainder  medium. 

The  roof  over  No.  6  bed  is  generally  the  same  as  over  No.  5, 
and  further  study  will  be  made  regarding  it  in  the  field  farther  south. 
No  roof  coal  is  left  up  in  No.  5  bed,  but  occasionally  some  is  left  in 
No.  6  bed,  especially  in  the  entries. 

Method  of  Mining 

All  the  mines  are  opened  by  shafts,  and  the  room-and-pillar  method 
of  mining  is  employed  exclusively.  Practically  all  the  operators  are 
adopting  the  panel  method  with  40  to  50  rooms  in  each  panel.  Barrier 
pillars  of  50  to  75  feet  are  left  along  the  cross  entries,  which  are  usual- 
ly 12  feet  wide  on  42-foot  centers.  Room  entries  are  12  feet  wide 
on  32-foot  centers,  and  the  rooms  are  driven  24  to  26  feet  wide  on 
40  to  45-foot  centers.  Sometimes  the  rooms  are  holed  through  into 
the  adjoining  panel,  but  the  tendency  is  to  leave  about  a  10-foot  fire 
pillar.  No  attempt  is  made  to  recover  any  room  pillars,  and  probably 
a  very  small  percentage  of  the  barrier  pillars  will  be  recovered  on  the 
final  retreat. 
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Surface  Value  of  Land 

The  reason  given  by  the  operators  for  not  pulling  any  pillars  is 
that  they  do  not  own  the  surface  rights,  and  that  the  owner  will  de- 
mand a  large  compensation  if  any  subsidence  takes  place.  It  not  in- 
frequently happens  that  a  squeeze  comes  on  which  causes  a  surface 
depression  and  forms  a  pond.  The  land  is  valued  at  from  $200  to 
$400  an  acre  for  agricultural  purposes.  In  addition,  it  has  a  senti- 
mental value  in  many  cases,  from  the  fact  that  it  has  been  owned  by 
the  same  family  for  several  generations.  So  far  as  time  permitted, 
the  writer  carefully  observed  the  topography  of  the  surface,  and  it 
can  be  stated  that  a  perfectly  level  piece  of  land  a  mile  square  is  rare. 
Usually  at  intervals  of  less  than  a  mile  there  are  areas  in  which  the 
surface  has  been  cut  by  shallow  washes.  Practically  all  the  level  por- 
tions are  tiled  at  costs  ranging  from  $10  to  $35  per  acre. 

Owing  to  the  fact  that  sufficient  coal  is  left  to  hold  up  the  sur- 
face, no  attempt  is  made  to  leave  solid  pillars  under  railroads,  build- 
ings, or  streams.  Occasionally  a  farmer  will  have  the  coal  reserved 
under  his  own  buildings,  and  one  or  two  cases  were  found  where 
pillars  had  been  left  under  power-plants.  Also,  where  a  railroad  had 
purchased  its  right-of-way  prior  to  acquisition  of  the  coal  by  the  coal 
company,  that  part  of  the  bed  which  lies  immediately  under  their 
right-of-way  may  not  be  mined. 

These  conditions  are  mentioned  because  they  must  be  taken  into 
account  in  deciding  whether  the  coal  loss  is  avoidable  or  unavoidable. 
Undoubtedly,  under  most  tracts  the  coal  could  be  taken  out  clean, 
and  the  surface  let  down  practically  as  smooth  as  it  was  before,  and 
the  land  would  not  be  damaged  to  any  appreciable  extent  for  agri- 
cultural purposes.  The  pillar  pulling,  however,  would  have  to  be 
started  with  due  consideration  for  the  surface  topography  so  that  the 
subsidence  would  not  create  a  large  pond;  also,  the  coal  would  have 
to  be  taken  very  clean.  If  this  were  done,  pillars  would  have  to  be 
left  under  the  railroads  and  under  the  towns — at  least,  under  all  large 
buildings.  Whether  pillars  would  be  necessary  under  the  concrete 
roads  is  a  debatable  question. 

Calculation  of  Losses 

The  coal  left  as  roof  coal  in  a  few  of  the  mines  and  distributed 
over  the  entire  field  amounts  to  only  a  fraction  of  1  per  cent,  and 
can  be  neglected.  The  coal  lost  in  the  room,  entry,  and  panel  pillars 
depends  a  great  deal  upon  the  occurrence  of  the  clay  veins.  At  one 
mine  in  No.  5  bed  where  24- foot  rooms  were  used  on  40- foot  centers. 
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it  was  found  that  where  it  was  free  from  clay  veins,  rooms  would  be 
wider  than  24  feet,  but  where  the  clay  veins  were  frequent,  the  rooms 
would  be  sometimes  narrowed  down  to  12  feet.  One  operating  com- 
pany has  six  mines  all  developed  with  the  same  dimensions  of  work- 
ing places,  and  their  theoretical  loss  in  pillars  is  44  per  cent,  making 
a  recovery  of  56  per  cent,  not  including  the  loss  in  handling.  The 
result  of  calculations  at  another  mine  where  somewhat  larger  barrier 
pillars  are  left  indicates  a  loss  of  48  per  cent  in  pillars. 

The  coal  loss  resulting  from  handling  and  preparation  is  fairly 
high,  due  to  the  dirt  seams  in  No.  6  bed  and  the  clay  veins  in  No.  5 
bed.  The  writer  believes  that  if  the  entire  seam  were  mined,  at  least 
8  per  cent  of  the  coal  would  be  lost  owing  to  impurities ;  but  as  only 
half  of  the  seam  is  being  mined,  it  would  mean  only  a  4  per  cent  loss 
on  the  total  tonnage.     The  summary  of  the  losses  is  given  in  Table  6. 

AVOIDABLE  LOSSES 

Not  over  50  per  cent  of  the  coal  can  be  safely  mined  under  the 
towns,  and  it  would  probably  be  advisable  not  to  mine  over  40  per  cent. 
The  towns  probably  do  not  occupy  5  per  cent  of  the  total  area  being 
mined,  and  if  60  per  cent  of  the  coal  is  lost  under  them,  it  would  mean 
a  loss  of  3  per  cent.  Solid  pillars  of  coal  should  be  left  under  rail- 
roads and  under  hard-surfaced  roads.  If  it  is  assumed  that  two  rail- 
roads and  a  cement  road  cross  each  coal  holding  at  an  angle,  and  also 
that  the  coal  holdings  are  four  miles  wide,  solid  coal  800  feet  or  more 

Table  6. — Summary  of  coal  losses  in  the  Springfield  district 


Reason  for  loss 


Coal  left  as  roof  and  bottom  coal '     Fraction 

Coal  lost  in  room,  entry  and  panel  pillars  (fig.  4) 

Coal  lost  in  oil  or  gas-well  pillars 

Coal  lost  under  buildings,  railroads,  and  boundaries 

Coal  lost  in  handling  and  preparation,  underground 
and  surface   

Coal  lost  due  to  rolls,  thin  or  dirty  areas,  and 
streams    

Total  loss,  per  cent 


Percentage  of  total 

marketable  coal  lost  In 

area  worked 

Total 

Avoidable 

loss 

loss 

Fraction 

■  • 

of  1 

44 

26 

None 

•   • 

Included 

•   • 

in  above 

4 

■   • 

3 

•   • 

51 

26 
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wide  would  be  left.  One  thousand  feet  would  be  5  per  cent  of  four 
miles.  Even  if  from  a  conservation  standpoint  the  coal  should  be 
mined  clean  under  agricultural  land,  there  will  undoubtedly  be  some 
places  where  this  could  not  be  done.  For  instance,  where  pillars  are 
left  under  railroads  and  hard-surfaced  roads,  there  might  be  left  a 
three-cornered  piece  inside  them  which  should  be  supported.  Assum- 
ing that  pillars  could  not  be  pulled  under  20  per  cent  of  the  minable 


Fiii.  4.    Section  ot  mine  worklnga  In  Sangamon  County 
showing  pillars  not  extracted. 

area,  and  assuming  that  the  loss  in  preparation  would  be  7  per  cent, 
there  would  still  be  ]K)Ssible  an  extraction  of  75  per  cent,  which  would 
be  26  per  cent  more  than  is  at  present  being  saved. 

ACTUAL    EXTRACTION 

One  company's  general  manager  considers  it  questionable  whether 
the  district  is  getting  50  per  cent  of  the  coal.  This  operator  has  six 
mines  in  both  seams. 

Another  company  states  that  at  two  of  its  mines  in  No,  6  bed 
they  get  50.5  per  cent  and  55  per  cent,  respectively,  and  at  one  mine 
in  No.  5  bed  they  get  53.3  per  cent. 
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At  seven  mines  of  another  company  in  Sangamon  County  they 
get  an  average  extraction  of  48.12  per  cent. 

Conclusion 

This  district  has  been  reported  upon  separately  because  the  ques- 
tion of  surface  subsidence  injuring  very  valuable  agricultural  land  is 
the  condition  determining  the  method  of  mining.  It  is  realized  that 
from  a  practical  standpoint  it  would  be  exceedingly  difficult  to  get  the 
farmer  to  permit  all  the  coal  to  be  taken  out  from  under  his  land,  but 
on  the  other  hand,  if  an  average  of  5,000  tons  of  coal  is  left  by  the 
operator  which  he  could  mine  by  paying  for  the  land  at  a  cost  of  $300 
per  acre,  it  would  be  only  6  cents  a  ton  for  the  coal  that  is  lost,  or  3 
cents  on  his  total  tonnage.  His  saving  in  cost  of  operation  would 
be  several  times  this,  and  he  would  still  have,  in  most  cases,  good  land 
left. 

COAL  LOSSES  IN  THE  SOUTHERN  ILLINOIS  FIELD,  IN- 
CLUDING DUQUOIN  AND  MURPHYSBORO  FIELDS 

Introduction 

These  fields  include  the  counties  of  Williamson,  with  50  shipping 
mines  producing  10,784,752  tons;  Franklin,  with  26  mines  and  12,- 
723,000  tons;  Jackson,  with  8  mines  and  1,164,154  tons;  the  east- 
ern part  of  Perry  County  with  11  mines  and  1,740,000  tons,  and 
the  southeastern  part  of  Washington  County,  with  one  mine  produc- 
ing 25,300  tons.  This  tonnage  is  taken  from  the  report  of  the  Illinois 
Department  of  Mines  and  Minerals  for  the  year  ended  June  30,  1921. 
Four  trips  were  made  underground  in  this  field,  and  specific  data 
were  obtained  on  a  total  of  31  mines  producing  13,500,000  tons.  Gen- 
eral data  were  also  secured  on  a  number  of  other  mines. 

The  coal  being  mined  in  this  district  comes  from  No.  6  bed  of 
the  Illinois  Geological  Survey,  with  the  exception  of  440,000  tons  in 
Jackson  County,  which  comes  from  No.  2  bed,  as  will  be  more  fully 
discussed  later  in  this  report.  No.  6  bed  varies  from  4  to  14  feet 
in  thickness,  and  averages  9  feet.  It  is  a  good  grade  of  coal,  and  the 
only  persistent  impurity  is  the  so-called  "blue  band",  which  varies  from 
a  fraction  of  an  inch  up  to  2  inches,  and  occurs  at  approximately  18 
inches  from  the  floor.  The  other  bands  of  impurities  are  not  regu- 
lar, and  consist  of  thin  partings  of  sulphur  or  mother  coal.  The  bed 
lies  nearly  level,  with  the  exception  of  the  western  part  along  the 
Duquoin  anticline,  where  it  frequently  dips  6  per  cent  or  more.  Also 
along  the  Duquoin  anticline  there  is  some  faulting  with  displacements 
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sometimes  as  high  as  35  feet ;  and  in  Williamson  and  Franklin  coun- 
ties there  is  a  little  faulting  with  displacements  of  a  few  inches  to  a 
few  feet. 

Character  of  Roof  and  Floor 

In  most  places  in  this  area  the  immediate  roof  over  the  coal  is 
shale  or  "slate",  and  varies  in  strength  from  very  weak  to  firm,  but 
as  a  rule  is  considered  as  a  weak  roof.  In  some  places  the  shale 
grades  into  so-called  soapstone,  which  is  unusually  difficult  to  hold 
up  with  timbers.  In  Williamson  County  and  southern  Franklin  County 
the  shale  usually  contains  more  sand,  so  that  the  roof  is  generally 
a  little  stronger  than  in  the  rest  of  Franklin  County.  Above  the  im- 
mediate roof  there  is  the  so-called  "cap-rock",  or  limestone,  which  is 
a  hard  stratum  of  rock  varying  considerably  in  thickness.  This 
cap- rock  in  some  places  lies  close  to  the  top  of  the  coal  bed,  and  at  other 
places  it  is  25  feet  above  the  coal,  and  in  a  few  places  it  is  thought 
to  be  absent  altogether.  Where  the  cap- rock  directly  overlies  the 
coal  it  makes  an  excellent  roof,  but  the  known  area  of  such  occur- 
rences  is  so  small  that  it  is  negligible.  Owing  to  the  fact  that  roof 
coal  is  left  up  over  a  large  part  of  the  workings,  the  exact  nature  of  the 
roof  is  not  so  well  known  as  would  be  the  case  otherwise. 

The  floor  below  No.  6  bed  is  of  fire  clay  from  a  few  inches  to 
many  feet  thick,  probably  averaging  4  to  6  feet.  Below  the  fire  clay 
there  is  usually  a  harder  rock  stratum. 

The  cover  varies  from  a  few  feet  near  the  outcrop  in  William- 
son County,  to  over  600  feet  towards  the  north  end  of  the  field;  and 
it  probably  averages  300  feet. 

Method  of  Mining 

Most  of  the  coal  comes  from  mines  using  the  room-and-pillar, 
panel  system,  but  there  are  a  large  number  of  mines,  especially  in 
Williamson  County,  which  use  the  straight  room-and-pillar  systwn. 
Two  mines  in  this  county  were  found  to  have  the  rooms  20  feet  wide 
with  40- foot  centers,  with  rooms  2*50  to  300  feet  long.  The  entries? 
were  12  feet  wide  on  37-foot  centers.  Another  mine  has  rooms  21 
feet  wide  on  40-foot  centers,  with  entries  12  feet  wide  on  30- foot 
centers.  Another  mine  has  rooms  23  feet  wide  on  36-foot  centers.  In 
Franklin  County,  where  the  cover  is  greater,  one  mine  250  feet  deep 
employs  the  panel  system,  with  rooms  24  feet  wide  orr  40-foot  centers. 
Another  mine  450  feet  deep  has  24-foot  rooms  on  45-foot  centers, 
and  the  rooms  are  250  feet  long.  This  mine  is  operated  on  the  panel 
system,  and  it  has  been  found  that  the  rooms  can  all  be  completed 


ILLINOIS   COAL  LOSSES  35 

and  the  inside  ends  of  many  pillars  extracted  before  a  squeeze  occurs. 
An  adjoining  mine  uses  "^4- foot  rooms  on  40- foot  centers,  and  seldom 
is  able  to  get  rooms  driven  up  before  a  squeeze  takes  place. 

The  panel  system  of  mining,  which  is  in  most  general  use,  con- 
sists of  driving  the  panel  centers  towards  each  other,  and  leaving  a 
20-foot  pillar  between  them.  There  are  30  rooms — ^that  is,  15  on  each 
side  of  each  panel  entry — which  would  make  60  rooms  to  the  double 
panel.  Barriers  or  side  pillars  along  the  cross  entries  are  100  feet 
or  110  feet.  At  several  mines  pillar  pulling  has  been  done,  but  usually 
only  to  a  very  small  extent,  because  as  a  rule  the  pillars  are  too  thin 
to  be  extracted. 

Calculation  of  Coal  Losses 

Figures  for  a  typical  mine  in  Franklin  County,  when  calculated 
according  to  the  actual  dimensions  of  the  working  places,  gives  a  loss 
of  4534  per  cent  in  the  pillars,  of  which  about  12  per  cent  is  in  the 
barrier  pillars,  and  a  little  over  80  per  cent  in  room  pillars  and  room 
stumps.  No  attempt  is  made  to  save  any  of  these  pillars  except  the 
inside  ends,  which  have  been  considered  as  saved  in  this  calculation. 
The  roof  coal  is  all  left  up  at  this  mine,  and  it  amounts  to  14  per  cent 
of  the  thickness  of  the  bed,  or  about  8  per  cent  of  the  total  coal.  To 
this  there  should  be  added  about  3  per  cent  for  loss  in  handling 
and  preparation,  giving  a  total  loss  of  56 J/^  per  cent. 

At  a  mine  in  Williamson  County,  where  straight  room-and-pillar 
mining  is  employed,  the  actual  dimensions  indicate  a  loss  of  40  per 
cent  in  pillars;  but  only  about  a  third  of  the  top  coal  is  lost,  the  re- 
mainder being  taken  down  after  the  rooms  are  completed.  At  this 
inine  the  loss  in  top  coal  is  only  3  per  cent,  and  if  3  per  cent  is  added 
for  loss  in  handling,  the  total  loss  will  be  46  per  cent. 

At  one  mine  in  Jackson  County,  which  employs  the  straight  panel 
system  with  20  rooms  to  a  panel,  the  rooms  being  22  feet  wide  and 
the  pillars  23  feet  wide,  the  loss  in  pillars  figures  57  per  cent,  and 
the  loss  in  top  coal,  10  per  cent,  which  gives  a  total  loss  of  70  per 
cent,  including  3  per  cent  for  loss  in  handling. 

The  loss  of  coal  due  to  faults  is  nothing  in  the  majority  of  the 
mines,  but  may  be  5  per  cent  in  others,  although  it  probably  does 
not  average  more  than  1  per  cent  over  the  entire  field.  There  are 
also  very  few  reservations  except  near  the  outcrop,  where  the  cover 
is  shallow,  though  occasionally  in  other  parts  of  the  field,  reserva- 
tions are  left  under  certain  farmhouses  or  cemeteries,  but  as  near 
as  the  writer  could  determine,  these  would  not  average  over  0.5  per 
cent. 
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Actual  Extraction 

Fortunately  there  are  a  number  of  actual  calculations  available, 
made  by  different  engineers,  which  furnish  good  data  on  the  recov- 
ery in  this  field.  For  instance:  (1)  the  average  of  three  mines  in 
Williamson  County  is  56.59  per  cent;  (2)  the  actual  extraction  of 
another  company  from  two  mines  in  the  same  county  is  61  per  cent; 
(3)  careful  planimeter  measurements  made  of  three  mine  maps  gave 
an  average  extraction  of  45.4  per  cent,  of  which  5^  per  cent  was 
due  to  top  coal  and  2J^  per  cent  to  coal  left  under  ponds  and  as 
boundary  pillars;  and  (4)  three  mines  in  this  county  gave  50  per 
cent.  Giving  each  mine  the  same  weight,  the  average  extraction  for 
the  11  mines  is  52^  per  cent.  In  Franklin  County,  two  mines 
of  one  company  give  an  average  recovery  of  49 J4  per  cent.  The 
writer  was  also  able  to  secure  other  information  regarding  three 
mines,  one  of  which  had  an  extraction  of  42.7  per  cent;  another,  39 J< 
per  cent;  and  another,  31.9  per  cent.  There  are  also  some  reliable 
data  given  in  Bulletin  100"  of  the  University  of  Illinois.  This  was  the 
work  in  charge  of  the  late  H.  H.  Stock,  who  had  four  engineers  care- 
fully taking  measurements  under  his  direction.  On  account  of  the  care 
with  which  this  work  was  done,  the  following  has  been  abstracted  from 
the  publication  mentioned: 

"The  coal  mined  Is  the  No.  6  bed  of  the  State  Geological  Survey  classifi- 
cation. Measurement  of  113  sections  taken  In  twelve  of  the  largest  mines 
in  the  county  gave  an  average  thickness  of  9.2  feet  of  coal,  the  average  min- 
imum thickness  for  the  same  twelve  mines  being  8  feet,  and  the  average  max- 
imum thickness  10.64  feet.  The  blue  band,  which  Is  characteristic  of  No.  6 
bed,  varied  from  %  to  2  Inches  in  thickness,  and  Its  average  distance  from 
the  floor  was  21.5  inches.  Owing  to  the  difficulty  of  keeping  up  the  shaly 
material  above  the  coal  bed,  the  top  coal  is  almost  generally  left  as  roof  pro- 
tection, and  up  to  the  present  time,  very  little  of  this  top  coal  has  been  re- 
covered, although  some  operators  are  expecting  to  recover  it  at  a  later  date 
in  connection  with  pillar  drawing.  In  one  of  the  twelve  mines  from  which 
the  data  were  obtained,  top  coal  was  not  left  in  the  rooms.  This,  however, 
is  exceptional  practice,  the  average  thickness  of  the  top  coal  left  in  the 
twelve  mines  being  1^  feet.  The  average  thickness  of  coal  mined  was  7.46 
feet,  and  the  average  tonnage  per  acre  to  January  1,  1916,  was  6,627  tons. 
This  is  equivalent  to  40.7  per  cent  extraction,  if  it  is  assumed  that  all  the  9.2- 
foot  bed  is  available  for  shipment,  or  to  41.6  per  cent  if  it  Is  assumed  that 
the  blue  band  and  refuse  discarded  in  the  loading,  or  0.2  foot,  is  deducted 
from  the  thickness  of  the  bed.  A  very  careful  estimate  for  each  of  the  twelve 
mines  noted,  made  by  dividing  the  total  amount  of  coal  in  the  area  mined  up 
to  January  1,  1916,  into  the  actual  shipments  since  the  mine  began  operating. 


■  Youngr,  C.  M.,  Percentage  of  extraction  of  bituminous  coal  with  special 
reference  to  Illinois  conditions:  Engineering  Experiment  Station  Bull.  100,  p. 
46,  1917. 
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e&ve  percentases  of  extraction  varflng  from  37.7  to  49.5,  or  an  ayerage  of 
41.4  p«r  cent." 

Conditions  in  Jackson  County,  Including  No.  S  Bed 

In  Jackson  County,  1,640,1M  tons  of  coal  was  produced  in  1931, 
of  which  approximately  440,000  tons  came  from  four  mines  working 
No.  3  bed,  these  mines  being  situated  in  what  is  known  as  the  Mur- 
physboro  district.     The  remainder  of  the  produclion  came  from  No. 


Fid.  Ei.    Section  of  mine  worklngB  Id  Jackson  County 
showing  pillars  not  extracted. 

a  bed.  No.  2  bed  is  from  5  to  7  feet  in  thickness,  and  about  half  of 
the  tonnage  came  from  where  the  entire  bed  was  being  worked,  but 
some  top  coal  was  left  in  the  entries.  The  remainder  of  the  tonnage 
came  from  a  lower  bench  only  of  No.  2  bed,  because  the  bed  splits 
into  two  benches,  the  bottom  of  which  is  3J^  to  4  feet  thick  and  the 
top  bench  3  feet  thick.    The  band  between  the  two  benches  varies  from 


28 


ILLINOIS   COAL   LOSSES 


6  inches  to  26  feet.  This  means  that  where  the  lower  bench  onlv  is 
worked,  the  top  bench  is  lost,  but  of  course  it  could  not  be  saved  where 
the  parting  is  very  thick.  No  mines  were  visited  in  this  field,  but 
this  information  is  gathered  from  a  bulletin  of  the  Illinois  Coal 
Mining  Investigations,*  by  S.  O.  Andros,  and  from  Frank  Rossbottom, 
the  State  mine  inspector  in  this  district.  It  can  be  readily  seen  that 
because  some  top  coal  is  lost,  and  there  is  very  small  tonnage,  tc 
include  the  No.  2  bed  in  this  report  cannot  appreciably  affect  the  re- 
sults. One  company  states  that  it  gets  an  extraction  of  50  per  cent 
from  its  mines  in  No.  2  bed  in  Jackson  County. 

Average  Coal  Losses 

In  Franklin  County  the  recovery  figures  are  all  around  41  or  42 
per  cent,  with  the  exception  of  one  company;  and  owing  to  the  fact 
that  the  mines  in  this  county  are  not  very  old,  and  the  low^  figures 
given  were  very  carefully  taken,  they  are  probably  correct.  In  Wil- 
liamson County  most  of  the  figures  are  over  50  per  cent,  but  at  the 
small  mines  the  extraction  is  almost  as  low  as  in  Franklin  County,  and 
there  are  many  small  mines.  Squeezes  are  also  common  in  all  of  the 
counties.  Taking  everything  into  consideration,  the  average  recoverv* 
for  the  area  is  about  47  per  cent,  including  about  one- fourth  of 
the  barrier-pillar  coal  on  the  retreat,  which  may  be  saved. 


Tabui:  7. — Summary  of  coal  losses  in  southern  Illinois 


Reason  for  loss 


Coal  left  as  roof  and  bottom  coal 

Coal  lost  in  room,  entry,  and  panel  pillars  (fig.  5) 

Coal  lost  in  oil  or  gas  well  pillars 

Coal  lost  under  buildings,  railroads,  and  boundaries 
Coal  lost  in  handling  and  preparation,  underground 

and  surface   

Coal   lost   due   to   rolls,   thin   or   dirty   areas,   and 

streams    


Total  loss,  per  cent 


Percentage  of  total 

marketable  coal  lost  in 

area  worked 


Total 
loss 


7 
41 
None 
1 

3 

1 


53 


I   Avoidable 
'         loss 


36 


36 


*  Andros,  S.  C.  Coal  minine:  practice  in   District  II :  III.  Coal  Mining  Investi> 
gations  Bull.  7.  1914. 
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AVOIDABLE    LOSS 

The  land  in  this  district  has  Httle  surface  value,  except  where 
close  to  a  growing  town.  Some  of  it  is  absolutely  worthless,  and  ver}' 
little  of  it  is  worth  more  than  $50  an  acre.  There  is  little  reason  to 
suppose  that  pillars  could  not  be  pulled  in  this  field  and  at  least  83 
per  cent  of  the  coal  saved.  This  estimate  does  not  involve  removal  of 
the  top  coal. 

COAL  LOSSES  IN  SALINE  COUNTY 

Introduction 

This  report  covers  the  mining  of  No.  5  coal  bed  in  Saline  County. 
There  were  23  shipping  mines  listed  in  the  report  of  the  State  Depart- 
ment of  Mines  and  Minerals  for  the  fiscal  year  ending  June  30,  1921, 
their  total  production  being  4,245,132  tons. 

One  trip  was  made  underground,  and  figures  were  obtained  from 
operators  representing  the  production  of  nearly  2,000,000  tons.  The 
bed  ranges  in  thickness  from  4  to  7  feet,  averaging  a  little  less  than 
6  feet.  All  mining  is  done  by  room-and-pillar  methods,  and  in  most 
mines  the  panel  system  is  employed.  Most  of  the  mines  are  opened 
by  shafts,  varying  in  depth  from  65  to  505  feet,  with  an  average  of 
probably  235  feet. 

Characteristics  of  the  Seam 

From  observations  in  the  mine  visited,  and  from  data  secured 
from  other  operators,  it  is  evident  that  the  roof  conditions  over  this 
coal  bed  are,  as  a  rule,  excellent.  The  roof  is  gray,  sandy  shale,  and 
stands  up  remarkably  well.  The  seam  is  clean,  comparatively  speak- 
ing. Occasionally  a  thin  streak  of  "draw-slate"  comes  in  between  the 
coal  and  the  good  top.  The  floor  is  of  fire  clay,  which  in  places  con- 
tains sand,  and  like  most  of  the  floor  in  the  Illinois  mines,  heaves 
when  wet.  The  floor  is  also  very  rolling,  frequently  making  it  neces- 
sary to  have  steep  grades  on  the  entries,  or  else  rim  them  around  the 
high  spots. 

Dimensions  of  Working  Places 

Some  operators  drive  wide  entries  of  18  feet  or  more,  leaving 
about  30  feet  of  pillar  between,  and  others  drive  entries  only  12  feet 
wide.  Rooms  are  from  24  to  28  feet  wide,  and  pillars  are  12  to  18 
feet  thick.  Sometimes  room-necks  are  narrow,  but  more  frequently 
the  rooms  are  started  about  20  feet  wide,  and  gradually  widened  to 
their  full  width.     Room  crosscuts  are  18  to  20  feet  wide. 
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Losses  of  Coal 

From  calculations  made  at  the  mine  visited,  which  was  said  to  b^ 
an  average  of  the  district,  the  loss  in  pillars,  including  T5-foot  barrier 
pillars,  amounts  to  38  per  cent.  Owing  to  the  cleanliness  of  the 
seam,  the  coal  thrown  back  into  the  gob  does  not  amount  to  over  -T 
per  cent.  Unfortunately  the  beds  are  cut  by  numerous  faults,  wiih 
throws  of  from  a  few  inches  to  over  lOO  feet.  It  is  difficult  to  ar- 
range the  plan  of  a  mine  to  get  all  the  coal  along  these  faults,  and  aI:>o 
the  roof  is  bad  near  them.     One  operator  claimed  that  they  had  lost 


^V>rginC<wl     ^CoallhatixllbtolrMltd       ^CoalLost 
in  pan  or  in  whola. 

Fig.  G.  SectloQ  of  mine  workings  la  Saline  County 
sbowing  plllarB  not  extracted  and  coal  lost  be- 
cause of  Irresular  workings  and  due  to  displace- 
ment faults. 

no  coal  on  account  of  faults  as  yet,  whereas  the  map  of  another  mine 
showed  a  loss  of  about  10  per  cent.  Probably  5  per  cent  represents 
an  average  loss. 

Actual  figures  of  extraction,  as  reported  to  the  writer,  were  as 
follows :  (1)  57.06  per  cent ;  (2)  3  mines,  51  per  cent,  51.5  per  cent, 
and  53.3  per  cent;  (3)  51  per  cent. 

AVOIDABLE  LOSS 

The  conditions  in  this  field,  as  far  as  the  coal  bed  is  concerned, 
are  ideal  for  pillar  pulling.     From  the  standpoint  of  surface  condi- 
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tions,  the  land  is  valuable  for  farming,  but  not  so  valuable  as  that  in 
the  Springfield  district.  Also  it  is  more  broken,  and  very  little,  if 
any,  is  tilled.  There  are  fewer  towns  and  fewer  railroads.  The  land 
is  occasionally  flooded  by  high  water  in  Ohio  and  Wabash  rivers,  but 
the  mining  companies  could  well  aflFord  to  build  levees  as  high  as  the 
ground  would  subside  from  pillar  drawing,  if  such  would  be  neces- 
sary. Taking  everything  into  consideration,  an  extraction  of  85  per 
cent  ought  to  be  secured  in  this  field. 

LOSS  IN  OVERLYING  SEAMS 

The  No.  6  bed  is  about  70  feet  above  No.  5  in  this  area,  and  is  of 
workable  thickness.  As  mining  is  now  carried  on,  No.  6  seam  will 
not  be  affected  except  where  squeezes  occur,  or  where  caves  in  rooms 
extend  up  to  it,  which  is  rare.  On  the  whole,  it  is  the  writer's  opinion 
that  very  little  coal  in  No.  6  bed  is  at  present  being  lost,  but  informa- 
tion either  for  or  against  this  conclusion  could  not  be  obtained. 


Table  8. — Summary  of  coal  losses  in  Saline  County 


Reason  for  loss 


Percentage  of  total 

marketable  coal  lost  in 

area  worked 


Coal  left  as  roof  and  bottom  coal 

Coal  lost  in  room,  entry,  and  panel  pillars 

Coal  lost  in  oil  or  gas-well  pillars 

Coal  lost  under  buildings,  railroads,  and  boundaries 

Coal  lost  in  handling  and  preparation,  underground 
and  surface   

Coal  lost  due  to  rolls,  thin  or  dirty  areas,  and 
streams'   (fig.  6) 


Total  loss,  per  cent, 


Total 

Avoidable 

loss 

loss 

None 

•  • 

38 

31 

None 

«  • 

Included 

■  ■ 

in  above 

46 


■  Includes  coal  along:  faults. 
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COAL  LOSSES  IN  THE  DANVILLE  DISTRICT 

Introduction 

The  Danville  district  has  7  mines  in  No.  6  bed  and  5  mines  in 
No.  7  bed,  but  by  far  the  largest  production  comes  from  the  former. 
It  includes  Vermilion  County  only,  and  has  a  total  production  of  slight- 
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ly  over  3,000,000  tons,  of  which  about  450,000  tons  come  from  strip 
or  open-cut  mines. 

No  trips  were  made  underground  while  studying  this   field,  but 

operators  were  interviewed  who  mine  over  half  of  the  total  tonnage. 

The  characteristics  of  the  beds  have  been  described   by    S.  O. 

Andros  in  a  bulletin  of  the  Illinois  Mining  Investigations  series.^  as 

follows : 

"In  this  district  all  the  large  outputs  are  produced  from  the  No.  6  bed  of 
the  Illinois  State  Geological  Survey  correlation. 

*'The  chief  characteristic  of  the  No.  6  bed,  which  averages  6  feet  in  thick- 
ness, is  the  presence  of  a  blue  band  which  divides  it  into  upper  and  lower 
benches.  This  blue  band  varies  from  soft  dust  to  hard  gray  shale,  and 
occurs  about  2  feet  above  the  floor.  In  addition  to  this  blue  band  there  are 
several  shale  and  sulphur  bands  of  variable  horizontal  and  vertical  extent. 

"The  roof  over  No.  6  coal  is  variable.  Near  Danville  the  immediate  roof 
is  a  grayish  black  shale  about  G  feet  thick.  This  shale,  lying  between  the 
coal  and  the  cap-rock  of  dark-gray  nodular  limestone  makes  an  easily  sup- 
ported roof.  In  the  vicinity  of  Westville  and  Georgetown  the  immediate  roof 
is  usually  a  gray  shale,  which  shows  no  distinct  bedding,  has  little  cohesion, 
falls  in  conchoidal  masses,  and  is  extremely  difficult  to  support.  Further, 
stringers  of  coal  extend  from  the  bed  proper  into  the  roof  material,  and 
render  the  roof  more  difficult  of  support.  In  isolated  cases  there  are  3  to  4 
inches  of  black  shale  between  the  coal  and  the  gray  shale  which  forms  the 
cap-rock.  Whenever  this  black  shale  is  broken,  air  and  moisture  disintegrate 
the  gray  shale  cap-rock,  and  the  roof  becomes  insupportable. 

"In  all  parts  of  the  Danville  district  the  floor  is  a  soft  fire  clay. 

"The  No.  7  bed  varies  in  thickness  from  2%  to  5Va  feet,  and  averages  5 
feet.  The  coal  has  two  benches  separated  by  a  clay  band  1  inch  thick,  which 
persists  through  the  bed  from  6  to  8  inches  above  the  floor.  The  two  benches 
present  no  great  difference  in  appearance  or  in  physical  character,  except 
locally,  where  the  top  bench  is  harder  and  has  a  brighter  luster.  The  No.  7 
bed  generally  has  slightly  more  impurities  than  the  No.  6  bed,  higher  volatile 
matter,  lower  fixed  carbon,  and  higher  sulphur  content  as  shown  by  analyses 
of  31  face  samples  in  No.  6  and  of  18  face  samples  in  No.  7.  The  bands  of 
pyrites  occur  persistently  at  a  height  of  20  to  26  inches  above  the  floor,  and 
sulphur  balls  or  nodular  concretions  of  pyrite  are  present  in  such  quantity 
as  to  make  profitable  their  separation  from  the  coal  by  hand  picking  in  the 
mine,  and  by  a  further  separation  on  the  surface  in  rotating  cylinders. 

"In  both  beds  in  the  district  there  are  numerous  rolls,  called  'faults.' 
or  'horsebacks'  by  the  miners.  These  rolls  appear  to  have  been  due  to  un- 
equal settling  of  the  coaly  matter  and  the  necessary  readjustment  of  the  roof 
materials,  during  the  formation  of  the  coal.  In  many  cases  the  roll  entirely 
displaces  the  coal. 

"The  mines  in  District  VIII  are  shallow,  and  the  deepest  mine  does  not 
exceed  300  feet." 


•Andros,   S.   O.,   Coal   mining  practice  In  District  VIII    (Danville):    111.   Coal 
Mlnlnp  Investigations   BuH.    2,   1914. 
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Method  OF  Mining 

Room-and-pi!lar  methods  of  mining  are  employed,  with  some  ef- 
forts to  divide  the  workings  into  panels.  One  of  the  largest  com- 
panies uses  24-foot  rooms  driven  on  30-foot  centers.  Some  room 
pillars  are  drawn,  but  over  the  entire  field  the  amount  of  coal  thus  re- 
covered amounts  to  very  little.  Some  of  the  companies  try  to 
protect  the  surface  where  it  is  agricultural  land,  but  others  do  not, 


Fio.  7.  Section  of  mine  workings  In  Vermilion 
County  showing  coal  lost  because  of  Irregular 
spacing  and  direction  of  rooms. 

as  they  do  not  have  to  pay  damages  for  surface  subsidence.  Under 
the  towns  and  railroads  the  work  is  carried  on  according  to  the  usual 
method,  except  that  more  care  is  taken  to  leave  sufficient  pillars  to 
avoid  squeezes.  In  the  north  end  of  the  district,  along  Little  Ver- 
million River,  a  great  deal  of  coal  has  to  be  left  under  branch  streams 
which  flow  into  the  river.  However,  this  coal  being  of  shallow  depth. 
it  can  be  recovered  in  a  large  part  by  stripping  operations. 
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Losses  of  Coal 

One  company  producing  about  1,400,000  tons  per  year  reported 
that  its  extraction  is  from  55  per  cent  at  the  smaller  mines  to  65  per 
cent  at  the  larger  mines,  and  that  15  per  cent  of  the  total  loss  is  due 
to  rolls  and  faulty  conditions.  Another  company  figures  on  an  ex- 
traction of  53.43  per  cent.  Under  ordinary  conditions,  with  24-foot 
rooms  and  6-foot  pillars,  the  loss  in  pillar  coal  would  be  32  to  35  per 
cent,  and  judging  from  experience  in  the  Panhandle  and  Belmont  fields 
of  West  Virginia  and  Ohio,  the  writer  does  not  believe  that  the  mines 
in  the  Danville  field  can  get  65  per  cent  of  their  coal  when  their  fault}' 
conditions  are  considered.  Without  further  information  the  writer 
can  not  see  how  the  extraction  in  this  field  can  be  over  about  57  per 
cent  in  the  underground  mines,  divided  as  shown  in  Table  9. 


Table  9. — Summary  of  coal  losses  in  the  Danville  district 


Reason  for  loss 


Percentage  of  market- 
able coal  lost  in 
area  worked 


Coal  left  on  roof  and  bottom 

Coal  lost  in  room,  entry,  and  panel  pillars  (fig.  7) 

Coal  lost  in  oil  or  gas-well  pillars 

Coal  lost  under  buildings,  railroads,  and  boundaries 

Coal  lost  In  handling  and  preparation,  underground 

and  surface   

Coal   lost  due  to   rolls,   thin   or   dirty   areas,   and 
streams    

Total  loss,  per  cent 


Total 

Avoidable 

loss 

loss 

None 

•  • 

32 

23 

•  • 

Included 

•  • 

•       9 

in  above 

4 

•        ■ 

43 


23 


AVOIDABLE  LOSS 

Owing  to  the  fact  that  some  of  the  companies  have  the  surface 
rights,  and  also  that  the  county  has  fewer  towns  and  is  more  rolling 
in  contour,  they  should  get  a  higher  extraction  than  is  possible  in  the 
Springfield  district.  The  question  of  possible  recovery  and  the  means 
of  arriving  at  it  have  been  discussed  in  the  Springfield  report,  and  based 
on  the  same  reasoning  possible  recovery  in  the  Danville  district  should 
be  80  per  cent. 
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Fig.  1.  Map  of  Illinois  showing  the  locations  of  possible  stripping  areas.  In 
most  of  the  areas  outlined  in  red,  exploration  is  restricted  to  a  single  bed.  The 
extent  of  exploration  in  Fulton  County  is  not  known. 


GOAL  STRIPPING  POSSIBILITIES  IN  SOUTH- 

ERN  AND  SOUTHWESTERN  ILLINOIS 

By  G.  H.  Cady 

PART   I 

INTRODUCTION 

General  Statement 

In  1925  the  Illinois  State  Geological  Survey  published  a  preliminary 
report  on  coal  stripping  possibilities  in  the  State.^  This  report  was  prepared 
at  a  time  when  the  area  of  coal  being  stripped  and  the  production  of  strip 
coal  were  undergoing  notable  expansion.  In  1924  the  production  of  strip 
coal  was  1,503,542  tons,  whereas  in  1925  it  was  3,053,723  tons.  Since  the 
summer  of  1925,  no  additional  large  strip  pits  have  been  opened  but 
there  has  been  an  appreciable  increase  in  production  as  shown  in  Table  1. 

Although  strip-mine  production  has  not  greatly  changed  since  1925,  a 
continued  interest  in  stripping  as  a  possible  source  of  coal  is  manifest  in  the 
large  amount  of  exploratory  work  that  has  been  carried  on  in  this  interval 
in  the  areas  designated  in  the  preliminary  report  as  suitable  for  investiga- 
tion. Some  of  the  exploration  was  begun  before  the  report  was  published 
but  most  of  it  is  of  a  later  date  and  has  been  located  in  accordance  with 
suggestions  contained  in  the  bulletin.  As  a  result  of  test  drilling,  large 
tracts  have  been  explored  in  northern  Illinois,  particularly  in  Grundy 
County,  and  in  southern  Illinois  along  the  outcrop  of  No.  6  coal  from 
Millstadt,  St.  Clair  County,  east  into  Saline  County,  and  along  the  outcrop 
of  No.  5  coal  in  Williamson  and  Saline  counties.  The  areas  which  as  a 
result  of  drilling  completed  or  now  in  progress  can  no  longer  be  included 
in  the  category  of  untested  regions  are  indicated  in  figure  1  which  also 
shows  the  location  of  possible  stripping  areas  in  the  State  as  diescribed  in 
the  preliminary  bulletin. 

To  meet  continued  calls  for  information  the  present  bulletin,  giving 
additional  data  in  regard  to  specific  untested  areas,  as  of  May,  1927,  is  issued. 
Some  of  the  areas  selected  for  description  are  chosen  because  new  and  more 
detailed  information  has  become  available  as  a  result  of  special  areal  map- 
ping in  the  regions  concerned,  others  because  they  lie  adjacent  to  regions 
already  tested.  Such  regions  remain  untested  possibly  because  of  great  un- 
certainty in  regard  to  the  position  of  the  border  of  the  coal  bed.  Since  there 
can  be  no  doubt  but  that  the  border  actually  extends  across  these  areas,  the 
Survey  wishes  to  contribute  such  information  and  opinions  as  it  has  in  re- 
gard to  the  position  of  this  border  or  outcrop  on  a  map  of  somewhat  larger 
scale  than  was  published  in  the  earlier  report.  The  special  areas  described 
in  this  bulletin  are  located  along  the  outcrop  of  No.  5  and  No.  6  coals  in 
southern  Illinois.     (See  fig.  2.) 

iCulver,  H.  E.,  A  preliminary  report  on  coal  stripping  possibilities  In  Illinois : 
Illinois  .<5tate  Geol.  Survey,  Cooperative  Mining  Series  Bull.  28,  1925. 
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Fig.  2.     Map  of  Illinois  showing  locations  of  areas  described  in  this  report 
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Factors  Bearing  on  the  Availability  of  a  Deposit 

In  the  preliminary  bulletin  it  was  stated  that  "a  commonly  aoceptec 
minimum  for  the  thickness  of  the  coal  is  48  inches  for  a  commercial  opera- 
tion", but  other  factors  may  considerably  reduce  this  in  certain  cases.  It  is 
noteworthy  that  in  areas  recently  explored  in  Grundy  County  the  coal  in 
general  has  a  thickness  of  not  more  than  42  inches;  in  fact  the  average 
thickness  of  No.  2  coal  in  the  Coal  City-Wilmington  region  is  generally 
regarded  as  not  more  than  37  inches.  Although  detailed  infornaation  in 
regard  to  the  thickness  of  the  coal  discovered  by  recent  drilling  has  not  been 
conveyed  to  the  Survey,  there  is  no  reason  to  believe  that  the  coal  exceeds 
the  average  thickness  of  the  general  region.  Inasmuch  as  the  facts  were 
known  in  regard  to  the  probable  thickness  of  the  coal  when  the  prospecting 
was  undertaken,  it  is  evident  that  a  thickness  of  40  inches  was  regarded  as 
above  the  minimum  for  commercial  operation,  provided  other  condition? 
were  particularly  favorable. 

There  seems  to  be  a  general  opinion  among  operators  that  the  ratio 
of  the  thickness  of  the  coal  to  the  thickness  of  the  overburden  should  not 
average  more  than  1  to  8.  Since  the  cost  of  excavation  increases  at  a 
greater  rate  than  the  increase  in  depth,  at  least  as  the  thickness  of  the 
overburden  makes  necessary  two  operations;  possibly  a  somewhat  larger 
ratio  may  hold  for  thin  coals  than  for  thick  coals.  Local  conditions  enter 
so  largely  into  the  cost  of  stripping  that  no  general  rule  can  be  stated 
except  that  the  profitable  extraction  of  coal  having  a  heavy  overburden  is 
possible  only  when  other  conditions,  such  as  the  character  of  the  over- 
burden, machinery,  relation  to  markets,  etc.,  are  particularly  favorable. 

The  decrease  in  the  importance  of  hard  layers  of  rock  as  deterrents  to 
the  stripping  operation  has  been  mentioned  by  Dr.  Culver.*  He  states: 
"more  recent  work  has  demonstrated  that  the  shale  and  *slate'  do  not  seri- 
ously interfere  with  operations,  and  in  places,  even  a  5-foot  bed  of  massive 
limestone  has  been  handled  satisfactorily  after  shooting."  It  can  now  be 
said  that  operations  appear  to  be  successful  in  which  the  thickness  of  the 
limestone  is  5  to  7  feet.  Operations  have  recently  been  started  near 
Duquoin  in  a  region  where  preliminary  drilling  indicates  that  limestone 
of  even  greater  thickness  than  7  feet  must  be  moved  to  reach  the  coal. 
It  is  anticipated  that  the  limestone  recovered  will  constitute  a  by-product 
of  the  operation,  the  sale  of  which  will  largely  cover  the  cost  of  its  removal. 
Inasmuch  as  a  heavy  limestone  cover  characterizes  No.  6  coal  west  ot 
Duquoin,  the  prospects  seem  to  be  good  for  the  development  of  a  large 
crushed-stone  industry  in  this  portion  of  the  State.  Since  natural  sources 
of  ballast  and  road  material  are  meager,  the  local  market  for  the  crushed 

2Culver,  H.  E.,  A  preliminary  report  on  coal  stripping  possibilities  in  lllinoiv : 
Illinois  State  Geol.  Survey,  Cooperative  Mining  Series  Bull.   28,  p.   10,   1925. 
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Stone  probabl}'  will  be  good.  Unless  the  limestone  can  be  marketed  at  a 
price  that  will  compensate  the  cost  of  removal,  it  is  doubtful  whether  the 
coal  can  be  recovered  in  large  areas  in  southern  Illinois  west  of  Duquoin 
even  though  the  cover  is  not  more  than  30  feet  thick,  because  much  of  this 
cover  is  limestone. 

The  size  and  capacity  of  mechanical  shovels  used  in  large-scale  strip- 
ping operations  are  undergoing  changes  which  necessitate  continual  revi- 
sion of  the  estimate  of  removable  overburden.  On  the  basis  of  the  estimates 
made  in  Cooperative  Mining  Series  Bulletin  28  of  the  Illinois  State 
Geological  Survey,  of  the  extent  of  area  in  Illinois  within  which  coal  is 
available  by  open-cut  methods  of  mining,  manufacturers  have  been  design- 
ing machines  with  an  enlarged  capacity,  particularly  with  respect  to  the 
handling  of  limestone  beds  such  as  are  found  above  the  coals  in  southern 
Illinois.  It  remains  to  be  demonstrated  whether  or  not  efficient  operation 
is  possible  with  shovels  with  a  capacity  larger  than  about  8  yards.  It  is 
reported  that  a  much  larger  shovel  is  to  be  installed  in  one  of  the  recently 
opened  pits  near  Duquoin.  If  the  report  is  correct  much  interest  will 
attend  the  performance  of  this  machine  particularly  as  the  limestone  over- 
burden is  unusually  heavy. 

Economic  Factors  Determining  the  Success  or  Failure  of 

Stripping  Operations 

In  the  earlier  report  on  coal  stripping  possibilities  it  is  possible  that 
too  little  attention  was  given  to  the  conditions  which  determine  the  success 
or  failure  of  a  stripping  operation  other  than  those  dependent  simply  upon 
the  thickness  of  the  coal  and  overburden.  It  is  the  desire  of  the  Survey 
to  encourage  the  development  of  the  resources  of  the  State  but  only  as 
conditions  warrant  such  development.  A  word  of  caution  needs  to  be 
spoken  for  the  sake  of  those  who  regard  stripping  operations  as  unattended 
by  much  risk.     The  following  pertinent  statement  was  recently  made:^ 

"Coal  stripping  is  rather  a  hazardous  business.  The  apparent  sim- 
plicity of  the  proposition  is  an  incentive  that  often  governs  those  who 
develop  such  properties.  The  cost  of  the  plant  ready  to  produce  coal  is 
less  than  that  for  a  shaft  mine;  on  the  other  hand  the  life  of  a  stripping 
plant  is  much  shorter  than  that  of  a  shaft  mine,  and  for  this  reason  the 
stripping  plant  often  proves  more  expensive  in  the  end.  The  stripping 
method  requires  less  labor  than  a  shaft  mine  to  produce  an  equal  amount 
of  coal  when  the  conditions  are  favorable  for  stripping.  Weather,  how- 
ever, is  a  factor  of  serious  importance,  as  a  rainy  spell  may  cause  very 
serious  financial  loss." 


sBement,  A.,  The  Illinois  coal  field,  Manuscript  report  for  the  Illinois  Geologrlcal 
Survpy,  1927. 


12  COAL  STRIPPING   POSSIBILITIES  IN   SOUTHERN    ILLINOIS 

The  difficulties  that  enhance  the  risk  of  strip  mining  in  Illinois  arise 
largely  from  the  topographic  conditions  where  the  stripping  must  be  carried 
on.  In  southern  Illinois  stripping  must  usually,  if  not  always,  be  carried 
on  in  areas  of  low  relief.  The  pit  in  general  lies  below  the  drainage  level 
and  the  spoil  in  the  first  excavation  must  be  piled  on  the  surface.  After 
excavation  has  proceeded  for  some  time  the  spoil  can  be  piled  back  into  the 
part  of  the  pit  from  which  the  coal  has  been  removed.  Where  the  over- 
burden is  heavy  the  waste  cannot  be  dumped  at  a  safe  distance  from  the 
shovel  in  a  single  operation  and  an  additional  shovel  or  drag  line  is  usually 
necessary  to  remove  part  of  it  to  a  greater  distance.  There  is  a  natural 
desire  to  avoid  the  use  of  a  second  shovel  if  possible.  By  so  doing  there 
is  a  very  great  danger  that  the  shovel  making  the  excavation  to  the  coal 
will  find  itself  between  two  treacherous  banks  of  earth  and,  in  the  event 
of  rain,  even  buried  in  slides  from  one  or  both  sides. 

Wise  choice  of  equipment  both  in  kind  and  amount  will  very  largely 
determine  the  outcome  of  a  stripping  venture.  A  study  of  the  statistics  of 
stripping  operations  indicates  that  experience  is  of  the  same  importance  in 
this  sort  of  operation  as  in  other  sorts  of  mining.  The  largest  and  most 
successful  pits  are  those  that  have  been  longest  in  operation  or  are  operated 
by  experienced  companies.  So  far  as  the  writer  is  aware  there  are  in 
Illinois  no  areas  where  coal  can  be  stripped  on  a  large  scale  in  an  operation 
unattended  by  much  financial  risk. 

In  a  report  of  this  kind  emphasis  is  naturally  placed  upon  large-scale 
operations.  In  fact  it  is  only  as  equipment  is  introduced  capable  of  lifting 
cheaply  a  burden  8  to  10  times  the  weight  of  the  coal,  that  most  of  the 
coal  at  shallow  depth  becomes  available  for  recovery  by  open-cut  methods. 
On  the  borders  of  areas  where  stripping  is  possible,  however,  there  are 
usu«illy  small  bodies  of  coal  under  particularly  shallow  cover  available  for 
recovery  by  the  simple  methods  of  team  and  scraper  excavation.  Small  pi» 
of  this  kind  have  been  in  operation  in  various  parts  of  the  State  continu- 
ously. They  represent  a  common  source  of  cheap  coal  during  the  sunmier 
months,  at  least,  for  the  immediately  surrounding  rural  district.  Like  local 
mines  they  are  of  relatively  small  importance  in  comparison  with  the  pro- 
duction of  the  State  as  a  whole,  but  may  be  of  considerable  local  impor- 
tance. It  is  quite  probable  that  within  the  areas  described  in  this  report 
there  arc  places  where  under  very  shallow  cover  small  bodies  of  coal  exist 
suitable  for  recovery  on  a  small  scale.  The  8,000  tons  of  coal  in  a  5-foot 
bed  extending  beneath  an  acre  of  land  would  be  a  sufficient  supply  for  a 
rural  community  for  a  number  of  years. 

Restoration  of  the  Waste  Land 
The  chief  popular  objection  to  stripping  operations  is  directed  against 
the  unsightly  and  unredeemable  piles  of  spoil  that  result  from  open-cut 
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mining.  That  the  land  may  have  been  of  little  value  under  cultivation  is 
rarely  considered.  A  5-foot  bed  of  coal  has  much  more  immediate  value 
than  the  surface  at  even  $100  an  acre.  Yet  the  destruction  of  a  permanent 
potential  resource  represented  by  the  soil  for  the  sake  of  recovering  and 
exhausting  another  resource,  although  it  may  be  of  greater  immediate 
value,  will  always  be  popularly  regarded  as  economically  unsound.  There 
is  constant  danger  of  the  enactment  of  legislation  against  this  method  of 
mining  coal  particularly  as  the  scale  o|  the  operations  becomes  increasingly 
large.  It  therefore  behooves  those  interested  in  such  operations  to  take 
some  thought  of  the  possibility  of  restoring  the  worked-over  lands  to  culti- 
vation. That  the  spoil  could  be  distributed  in  less  topographic  confusion 
seems  certain.  Before  any  of  the  land  can  be  rendered  fit  for  cultivation 
it  must  first  be  restored  to  some  resemblance  to  the  original  topographic 
form.  It  then  becomes  the  problem  of  agronomists  and  botanists  to  deter- 
mine the  most  suitable  procedure  for  restoration  of  the  soil  and  vegetation. 
The  writer  is  of  the  opinion  that  the  consideration  of  the  matter  of  restora- 
tion of  lands  wasted  by  the  large-scale  stripping  process  cannot  be  indefi- 
nitely delayed. 
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PART    II 

UNEXPLORED  STRIPPING  POSSIBILITIES  IN  SOUTHERN 

ILLINOIS 

Introductory  Statement 

The  rise  of  the  coal-bearing  rocks  toward  the  margin  of  the  coal  Held 
in  southern  Illinois  brings  to  the  surface  the  important  coal  beds  mined 
through  shafts  in  St.  Clair,  Randolph,  Perr>%  Jackson,  Williamson,  and 
Saline  counties.  This  is  a  matter  of  particular  interest  to  those  searching 
for  areas  of  coal  suitable  for  open-cut  mining.  Three  beds  are  mined  by 
shafts  in  the  southern  part  of  the  State,  No.  6,  No.  5,  and  No.  2.  Of 
these,  No.  6  is  the  most  widespread.  In  fact  it  appears  to  be  continuous 
entirely  across  the  southern  part  of  the  State,  and  its  outcrop  is  therefore 
also  continuous.  No.  5  coal  is  locally  interrupted,  if  not  entirely  absent* 
west  of  Randolph  county,  and  No.  2  coal  cannot  be  identified  along  the 
outcrop  of  the  coal-bearing  beds  west  of  Jackson  County.  The  upper  or 
No.  6  coal  known  as  the  Belleville  or  Herrin  coal,  is  the  most  important 
coal  bed  in  the  State.  It  is  very  regular  in  thickness  which  varies  from 
six  to  nine  feet  along,  its  southern  margin,  and  of  good  quality,  so  that 
particular  interest  is  attached  to  facts  relating  to  the  position  and  character 
of  its  outcrop.  The  accompanying  maps  and  descriptions  are  concerned 
mainly  with  conditions  along  the  outcrop  of  No.  6  coal,  although  some 
consideration  will  be  given  to  No.  5  coal  in  certain  areas. 

General  Map  of  the  Coal  Outcrops  in  Southern  Illinois 

general  statement 

As  a  background  for  the  discussion  a  map  has  been  prepared  (PI.  I) 
showing  the  outcrop  of  No.  6  coal  from  the  Mississippi  River  bluff  line 
near  Belleville  to  the  vicinity  of  Harrisburg,  Saline  County,  and  showing 
also  the  outcrop  of  No.  5  coal  across  Williamson  and  Saline  counties.  In 
the  preparation  of  the  map  the  outcrops  were  first  plotted  on  quadrangle 
maps  on  a  scale  of  about  one  mile  to  an  inch  with  as  great  detail  as  wa> 
possible.  The  lines  were  then  transferred  to  the  smaller  scale  map  of 
publication.  The  published  map  is  on  the  same  scale,  four  miles  to  the 
inch,  as  is  the  road  map  of  Illinois  published  by  the  State  Division  ot 
Highways,  which  was  used  as  a  base.  The  entire  line  of  outcrop,  or  out- 
crops where  two  coals  are  mapped,  possesses  interest,  because  along  it,  it 
anywhere,  will  open-cut  mining  be  possible  in  the  southern  part  of  the 
State. 

CHARACTER    OF   TH£    OUTCROP 

■ 

The  word  outcrop  unfortunately  suggests  that  the. coal  bed  mapped 
actually  comes  to  the  surface  of  the  ground  and  can  therefore  be  traced  b> 
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following  the  coal  blossom.  This,  however,  is  not  true,  since  it  is  only  here 
and  there  that  the  coal  actually  comes  to  the  surface  or  to  the  grass  roots. 
The  most  common  places  of  actual  exposure  are  where  streams  have 
removed  the  usual  covering.  Not  only  the  outcrops  of  the  coal,  but  also 
the  outcrops  of  any  rocks  are  rare.  Sandstones  and  limestones  appear  at 
the  surface  more  commonly  than  do  other  rocks.  In  general  the  surface 
material  consists  not  of  rocks  but  of  unconsolidated  material  deposited  by 
glaciers,  streams,  and  wind,  and  the  rock  surface  may  lie  from  a  few  inches 
to  100  feet  or  more  below  the  surface  of  the  ground.  In  general  through- 
out Illinois,  the  rock  surface  possesses  considerably  more  relief  than  the 
ground  surface;  particularly  is  this  true  in  southern  Illinois  where  the 
valleys  are  deeply  silted.  In  tracing  the  outcrop  of  a  coal  bed  one  of 
course  notes  its  position  on  the  rock  surface,  hidden  beneath  a  mantle 
of  soil. 

COMPARISON  WITH  EARLIER  MAPS 

For  earlier  maps  published  by  the  State  Geological  Survey  showing 
the  outcrop  of  the  coals  across  the  southern  part  of  the  State  only  a  rough 
approximation  to  accuracy  was  claimed.  The  lines  indicating  the  margins 
of  the  beds  for  the  most  part  connected  scattered  points  of  actual  outcrop, 
and  the  intervening  position  of  the  lines  was  determined  mainly  in  accord- 
ance with  existing  knowledge  of  the  topographic  features,  the  known  depth 
of  the  coal  at  points  north  of  the  outcrop  and  the  supposed  character  of  the 
dip  between  these  points  and  the  outcrop.  Where  the  beds  are  nearly 
horizontal  and  the  surface  is  likewise  level  or  only  gently  sloping  it  was 
then,  as  it  is  now,  impossible  without  test  holes  to  delineate  their  margins 
with  much  accuracy.  The  accurate  information  in  regard  to  surface  con- 
figuration furnished  by  the  topographic  maps  now  available  entirely  across 
southern  Illinois  is  of  great  assistance  in  projecting  the  probable  position 
of  an  outcrop.  In  addition,  more  detailed  information  in  regard  to  the 
general  lay  and  position  of  the  coal  approaching  the  outcrop  has  become 
available  and  knowledge  concerning  the  position  of  the  outcrop  has  been 
increased  by  local  exploration  by  the  drill;  consequently  an  outcrop  map 
based  upon  such  improved  data  has  a  much  stronger  claim  for  accuracy 
than  earlier  maps  prepared  from  less  abundant  data. 

RELATIVE  ACCURACY  OF  DIFFERENT  PORTIONS   OF  THE   MAP 

The  information  accumulated  in  the  Survey  files  regarding  the  out- 
crop of  the  coals  in  southern  Illinois  relates  unequally  to  the  various 
positions  along  the  margin  of  the  coal  beds;  an  equal  degree  of  accuracy 
cannot,  therefore,  be  claimed  for  all  portions  of  the  designated  lines  of 
outcrop.     In   general   where    the    lines    describe   somewhat    intricate    and 
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irregular  patterns  the  knowledge  concerning  the  position  of  the  outcropK 
may  be  considered  good ;  where  the  lines  consist  of  open  broad  curves,  gen- 
eralization may  be  suspected.  In  any  case  it  is  probable  that  the  line  ot 
outcrop  is  more  irregular  than  is  represented  since  the  scale  of  the  map 
does  not  permit  the  delineation  of  small  irregularities  such  as  prol>abIv 
exist.  The  claim  for  greatest  accuracy  is  made  for  those  regions  where 
privately  conducted  exploration  by  the  drill,  and  detailed  field  investigation 
by  members  of  the  Survey  staff  provide  the  most  complete  information,  and 
particularly  for  the  position  of  the  outcrop  of  No.  5  and  No.  6  coals  acro>< 
Saline  and  most  of  Williamson  counties,  and  of  the  outcrop  of  No.  6  coal 
across  the  northwest  corner  of  Jackson  County,  along  the  east  side  ot 
Beaucoup  Creek  in  Perry  County,  and  in  Randolph  County  from  Sparta 
to  Percy.  Along  these  stretches  the  outcrop  of  the  coal  has  been  tested  by 
drilling  in  fairly  large  blocks  and  in  several  places  field  investigation  has 
revealed  the  position  of  all  actual  outcrops.  From  Pinckneyville  west\*"ard 
nearly  to  Willisville  and  westward  from  the  vicinity  of  Sparta  to  the 
vicinity  of  Belleville  there  are  stretches  where  the  outcrop  has  been  ver>' 
little  tested  and  its  position  remains  uncertain.  The  outcrop  northwest- 
ward from  Marissa  was  mapped  at  the  time  the  New  Athens  quadrangle 
was  geologically  surveyed  in  1911.^  Knowledge  of  the  position  of  the  out- 
crop of  No.  6  coal  in  that  area  has  not  greatly  improved  since  that  time, 
except  for  a  small  area  near  the  open-cut  of  the  Solar  Coal  Compan\ 
between  Freeburg  and  New  Athens. 

Special  Areas 
This  report  is  particularly  concerned  with  those  areas  along  the  out- 
crop that  appear  suitable  for  investigation  but  have  not  yet  been  tested  by 
the  drill.  The  position  of  the  more  important  of  these  is  indicated  on  Plate 
I ;  they  are  numbered  I  to  VI  from  west  to  east  across  the  map.  Larger 
scale  maps  of  these  smaller  areas  (Pis.  II-VII)  have  been  printed  on  thin 
paper  on  the  same  scale  as  that  of  the  topographic  maps  issued  by  the  U.  S. 
Geological  Survey^  and  by  placing  them  in  their  proper  positions  over 
these  latter  maps  the  relation  of  the  outcrop  lines  to  the  topography  can 
be  readily  ascertained.  Other  smaller  areas  suitable  for  investigation  exist 
here  and  there  along  the  outcrop  of  the  coals,  and  although  they  will  be 
mentioned,  the  main  purpose  of  the  report  is  to  describe  the  conditions 
obtaining  with  respect  to  occurrence  of  the  coal  in  the  six  special  areas. 

iShaw,    E.   W.,   U.    S.    Geol.    Survey   Geol.    Atlas.    New   Athens-Okawvllle    folio 
(No.   213),  1921. 

2Topojarraphic  mapH  are  available  at  ten  cents  a  copy.  The  following  quadrangles 
are  included  within  tlie  area  covered  by  this^  portion  of  the  report : 

Baldwin  Gralatia  New  Athens 

Campbell  Hill  Harrlsburg  Pinckneyville 

Carbondale  Herrln  St.  Louis 

Coulterville  Marlon  Waterloo 

Duquoin  Murphysboro  West  FYankfort 
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* 

General  Characteristics  of  the  Coals  and  Associated  Rocks  in 

Southern  Illinois 

available  coals 

Within  all  the  areas,  except  possibly  I  and  II  located  in  St.  Clair 
County,  two  coals  outcrop— No.  5  and  No,  6.  However,  only  No.  6  coal 
is  mapped  except  in  Area  VI  in  Williamson  County,  because,  although 
there  seems  to  be  no  doubt  as  to  the  presence  of  No.  5  coal  in  Areas  IV 
and  V,  and  although  it  may  be  present  beneath  Area  III,  the  position  of 
the  outcrop  and  depth  of  the  lower  coal  have  not  been  sufficiently  explored 
to  warrant  delineation.  Its  presence  beneath  No.  6  coal  along  the  outcrop 
of  the  latter  in  St.  Clair  County  is  improbable.  Between  St.  Clair  and 
Williamson  counties  the  outcrop  of  No.  5  coal  is  indefinite.  In  the  vicinity 
of  Willisville  and  southwest  of  Sparta,  Randolph  County,  there  has  been 
some  drilling  along  the  outcrop  of  this  coal,  but  for  the  most  part  the 
territory  southwest  of  the  outcrop  of  No.  6  coal  has  not  been  much  drilled 
and  outcrops  of  the  lower  coal  are  rare.  It  is  probable,  however,  that  the 
outcrop  of  the  lower  coal  lies  in  general  within  half  a  mile  south  of  the 
outcrop  of  No.  6  coal  since  the  coals  west  of  the  Duquoin  anticline  are 
commonly  separated  by  only  25  to  30  feet  of  strata. 

In  Williamson  and  Saline  counties  where  No.  5  coal  is  economically 
more  important  there  is  more  detailed  information  in  regard  to  its  outcrop 
than  there  is  farther  west.  Even  in  these  counties  the  mapping  is  not  of 
uniform  accuracy.  Eastward  from  New  Denison,  that  is  across  Ranges 
4,  5,  and  6,  East,  the  outcrop  has  been  traced  by  field  parties  and  deter- 
mined by  authenticated  drilling.  The  outcrop  as  mapped  from  the  vicinity 
of  New  Denison  northwestward  to  the  line  of  the  Chicago,  Burlington 
and  Quincy  Railroad  northwest  of  Marion  represents  determinations 
resulting  from  drilling.  The  data  were  supplied  to  the  Survey  but  they 
have  not  been  closely  checked  in  the  field.  From  the  line  of  the  Chicago, 
Burlington  and  Quincy  Railroad  westward  to  Carterville  the  position  of 
the  outcrop  is  only  approximately  accurate.  The  occurrence  of  the  coal 
in  this  strip  is  considered  in  the  description  of  special  Area  VI  (p.  52). 
From  Carterville  west  to  the  county  line  the  margin  of  the  coal  has  been 
discovered  in  places  by  drilling  and  open-cut  mining,  but  has  not  been 
mapped  in  detail. 

It  will  be  noted  in  examining  the  maps  that  the  outcrop  of  No.  5  coal 
in  general  closely  parallels  the  outcrop  of  No.  6  coal,  but  that  the  parallel- 
ism is  somewhat  less  close  in  Saline  and  eastern  Williamson  County  than 
elsewhere.  The  closeness  of  the  two  lines  of  outcrop  is  of  course  due  to 
the  fact  that  the  coal  beds  are  generally  separated  by  only  about  25  to  30 
feet  of  strata.  In  the  eastern  part  of  Williamson  County,  however,  the 
interval  between  the  two  beds  increases  considerably;  it  is  about  75  feet 
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in  the  vicinity  of  Craborchard  village,  about  100  feet  at  the  Saline-Wil- 
liamson county  line,  and  125  feet  near  Carrier  Mills.  Eastward  from 
Carrier  Mills  it  decreases  somewhat.  The  increase  in  the  interval  between 
Craborchard  and  Carrier  Mills  explains  the  wider  separation  of  the  out- 
crops of  the  two  coals. 

CHARACTER  OF  STRATA  BETWEEN  NO.  5  AND  NO.  6  COALS 

From  Randolph  County  eastward  to  AVilliamson  County  the  strata 
between  the  two  coals  consist  of  from  25  to  as  much  as  60  per  cent  of 
limestone.     In  northeastern  Jackson  County  where  the  coals  are  about  35 
feet  apart,  the  presence  of  10  feet  of  limestone  seems  to  be  usual.     Near 
Carterville  the  interval  bet^-ecn  the  coals  is  about  40  feet,  and  here  also 
about  10  feet  of  the  intervening  rock  is  limestone.     Near  the  outcrop  of 
No.  6  coal  north  of  Marion  No.  5  lies  about  45  feet  below  No.  6  with 
10  feet  of  limestone  between  the  two  coal  beds.    In  T.  9  S.,  R.  3  W.,  the 
interval  between  the  beds  is  from  50  to  60  feet,  with  no  more  than  ten 
feet  of  limestone  present,  and  in  places  as  much  as  17  feet  of  sandstone. 
In  Range  4  E.,  where  the  interval  is  from  80  to  100  feet  or  more,  usually 
less  than  5  feet  of  limestone  is  present,  but  sandstones  as  much  as  55  feet 
thick  were  encountered  in  some  of  the  drill  holes.     It  is  noteworthy  that 
only  in  eastern  Williamson  County  where  the  intervening  section  contains 
a  notable  amount  of  sandstone  is  the  line  of  outcrop  of  No.  5  coal  marked 
by  topographic  irregularities.    The  coal  outcrops  at  the  foot  of  an  escarp- 
ment marking  the  position  of  the  outcropping  sandstone  lying  between  the 
coals.    Elsewhere  the  outcrop  of  No.  5  coal  is  less  readily  followed  because 
there  are  no  resistant  beds  above  it  and  the  surface  usually  slopes  gently 
across  the  outcrop  of  beds  lying  for  some  distance  below  No.  6  coal.    Be- 
cause of  the  resistance  to  erosion  offered  by  the  sandstone  above  No,  5 
coal  in  eastern  Williamson  County  and  the  resulting  steep  slope  adjacent 
to  the  outcrop  of  the  coal  the  thickness  of  the  overburden  increase  rapidly 
and  conditions  for  stripping  this  coal  are  not  particularly  good,  but  slope 
mining  can  be  carried  on  very  close  to  the  outcrop.     In  central   Saline 
County  the  rocks  between  the  coals  are  largely  shale  and  here  again  gentle 
slopes  prevail  for  some  distance  north  of  the  outcrop  of  the  coal  so  that 
large  scale  open-cut  mining  is  possible. 

In  the  Sparta  region  the  beds  intervening  between  the  two  coals  were 
very  largely  limestone.  It  is  noteworthy  that  these  are  not  sufficiently 
resistant  to  weathering  and  erosion  to  affect  the  topographic  expression  of 
the  surface.  Apparently  these  rocks  did  not  conspicuously  protrude  from 
the  preglacial  surface.  Their  presence  under  cover  is,  however,  very  defi- 
nitely established  by  the  numerous  test  holes  that  have  penetrated  both 
coals.    It  is  very  evident  that  the  most  favorable  situations  for  the  recovery 
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of  No.  5  coal  by  open-cut  methods  are  where  the  rocks  intervening  between 
No.  5  and  No.  6  coals  consist  largely  of  shale,  as  in  central  and  western 
Williamson  County  and  in  Saline  County.  Elsewhere  stripping  operations 
in  No.  5  coal  will  be  forced  to  handle  considerable  thicknesses  of  resistant 
rock,  either  limestone  or  sandstone. 

NO.   5  COAL 
TI^ICKNESS 

In  the  Sparta  and  Willisville  region  in  Randolph  County  No.  5  coal 
usually  has  a  thickness  of  about  4  feet,  but  varies  from  40  to  more  than 
60  inches.  In  general  it  appears  to  be  more  variable  in  thickness  than 
No.  6  coal.  In  northeastern  Jackson  County  the  few  available  records  of 
holes  penetrating  it  indicate  that  its  thickness  is  between  4  and  5  feet.  One 
record  reports  as  much  as  5  feet  2  inches.  At  the  pit  of  the  Huskey  Coal 
Company  in  western  Williamson  County  the  coal  has  a  thickness  of  4 
feet.  In  Range  2  East  it  varies  from  4  to  5  feet  in  thickness.  Thence  east- 
ward it  is  usually  more  than  4  feet  thick,  though  not  generally  more  than 
five  feet  except  between  Carrier  Mills  and  Harrisburg,  where  in  places  it 
is  locally  7  to  8  feet  thick. 

CHEMICAL   CHARACTERISTICS 

The  chemical  character  of  No.  5  coal  in  Randolph,  Williamson,  and 
Saline  counties  is  indicated  by  the  analyses  of  face  samples  collected  in 
mines  in  those  counties,  and  given  on  the  following  page. 

It  will  be  noted  that  the  analyses  in  Table  2  apparently  favor  the 
coals  sampled  in  Williamson  County.  It  is  commonly  true,  however,  that 
analyses  made  prior  to  1912,  before  standardized  methods  of  analysis 
w^re  established,  show  calorific  values  somewhat  higher  than  those  deter- 
mined for  the  coal  from  the  same  mine  in  1912  and  since  that  year. 
Although  the  quality  of  the  coal  is  best  indicated  by  the  "unit  coal"  value 
it  is  doubtful  whether  No.  5  coal  in  Williamson  County  is  in  general 
superior  in  quality  to  the  coal  from  the  same  seam  in  Saline  County  because 
of  the  lower  ash  content  of  the  Saline  County  coal.  Additional  analyses 
of  No.  5  coal  in  Williamson  County  are  needed  to  establish  its  character 
definitely.  Comparison  of  .the  analyses  in  Tables  2  (p.  20)  and  3  (p.  27) 
indicate  the  superiority  of  the  lower  seam  over  No.  6  coal.  In  Randolph 
County  the  lower  coal  appears  to  have  an  advantage  over  No.  6  coal  of 
about  300  B.  t.  u.  on  the  unit  coal  basis  and  in  southern  Williamson  County 
of  at  least  100  B.  t.  u.  but  the  latter  advantage  is  not  well  established  by 
the  data  used.  There  are  no  analyses  of  No.  6  coal  that  can  be  used  for 
comparison  with  determinations  for  No.  5  coal  in  Saline  County. 

The  most  notable  difference  in  the  character  of  No.  5  coal  across  the 
southern  part  of  the  State  is  in  the  amount  of  non-coal  substance,  that  is 
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moisture,  ash,  and  sulphur,  present  in  the  coal.  The  impurities  decrease 
considerably  from  west  to  east  so  that  whereas  the  combustible  constituents 
make  up  76  per  cent  of  the  coal  in  Randolph  County,  they  compose  80 
per  cent  in  Williamson  County,  and  85  per  cent  or  more  in  Saline  County. 


Table  2. — Analyses  of  No, 


5  coal  in  Randolph,  JVilliamson,  and  Saline  counties 
(Face  samples  only) 


Analysis 
No.     Date 

Form  of 
Analysis 

Volatile 
Moisture  Matter 

Fixed 
Carbon 

Ash 

Sulphur 

Caloriiic 

Value 

(B.LU.) 

«835a 

As  rec'd 

Dry 
Unit  coal^ 

13.90 

35.33 
41.03 

41.33 
48.00 

9.44 
10.97 

4.84 
5.63 

11015 
12793 
14709 

8836a 

As  rec'd 

Dry 
Unit  coale 

12.21 

35.22 
40.12 

41.61 
47.40 

10.96 
12.48 

4.47 
5.10 

11037 

12572 
14711 

1809^ 

9/08 

As  rec'd 

Dry 
Unit  coal® 

6.47 

35.96 
38.45 

45.84 
49.02 

11.73 
12.53 

3.39 
3.62 

12022 
12840 
149S5 

896<? 

8/07 

As  rec'd 

Dry 
Unit  coal® 

6.29 

36.72 
39.20 

46.99 
50.12 

10.00 
10.68 

3.61 
3.86 

12251 
13073 
14917 

129nd 

7/21 

As  rec'd 

Dry 
Unit  coal® 

5.75 

35.01 
37.15 

52.65 
55.86 

6.59 
6.99 

2.05 
2.18 

12S00 
13581 
14927 

129 19d 

7/21 

As  rec'd 

Dry 
Unit  coal® 

6.58 

32.89 
35.21 

53J29 
57.14 

7.24 
7.75 

2.06 

2J20 

12565 
13450 
14754 

12917^ 

7/21 

As  rec'd 

Dry 
Unit  coal® 

5.62 

34.61 
36.67 

52.52 
55.65 

7.25 
7.68 

2.02 
2.14 

12781 
13542 
14«40 

aNear  Blair,  Randolph  County.    Analysis  made  since  1912. 

bLocal  mine  near  Carterville.  Williamson  County. 

cSpillertown  Coal  and  Coke  Co.,  Williamson  County.     Mine  abandoned. 

dNear  Carrier  Mills.  Saline  County. 

eAsh,  sulphur,  and  moisture  free  calorific  value. 

It  is  interesting  to  note  that  practically  the  same  difiEerences  exist  in  the 
character  of  No.  6  coal,  at  least  in  Randolph  and  Williamson  counties,  ft 
will  be  observed  that  the  moisture  content  of  No.  5  coal  in  Randolph 
County  is  notably  higher  than  it  is  in  the  counties  to  the  east. 


PHYSICAL    CHARACTERISTICS 


The  physical  characteristics  of  No.  5  coal  can  be  most  satisfactorily 
described  by  means  of  detailed  sections  and  the  citation  of  observations 
made  at  the  coal  face  in  various  places  from  Randolph  County  eastward. 
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Sections  of  No.  5  coal  in  mine  No,  9,  Willis  Coal  and  Mining  Co.,  Percy, 

sec.  11,  T.  6  S.,  R.  5  W.,  Randolph  County  « 


Strata 

Coal  

Charcoal  ~ 
Coal  


Charcoal 
Coal 


"Sulphur" 

Coal 

Charcoal  . 
Coal  


"Sulphur" 
Coal  


<* 


Sulphur 
Coal  


»» 


"Sulphur" 
Coal  


Section  1 — Face  of  the  4th  north  entry 


Clay  mixture 
Coal 


Total  coal 


Total  impurities  

Thickness   of   bed 

Measured   thickness  _ 


Thickness 


Inches 

-  2 

-  4% 

-  % 

-  1% 


5 

4% 
16 
5 
4% 


49^ 


Inches 


Vi 


1% 

.50%  inches 
.49   inches 


Strata 

Coal 

Charcoal 
Coal 


Charcoal  » 
Coal 


"Sulphur" 
Coal 


Charcoal  — 

Coal  — 

"Sulphur"  .- 
Coal 


"Sulphur"  - 

Coal 

"Sulphur"  -... 
Coal 


Clay  

Coal  


Section  2 — Face  of  main  east  entry 


Total   coal 


Total  impurities 


Thickness   of   bed — 


Measured  thickness 


Thickness 


Inches 

-  8 

-  % 

-  5 

-  1% 


% 


3 
1 

11 

13 

6 


56% 


Inches 


% 


1% 

57^  inches 

,..—... — ........_._ -  5  7      i  nches 
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Strata  Section  3 — Face  of  the  4th  south  entry  Thickness 

Inches  Inches 

Coal  4-V» 

v^Oal    .».~~.-.._-_......_......~_..........^.........M „,„ o  ^T2 

Coal      „  9  Yj 

*'C     I     l«        *'  1 

Coal  4 

Charcoal  ^4 

Coal  with  lenses  of  "sulphur" 17 

"Sulphur"  _ ^i 

Coal  6 

Clay  and  charcoal ^4 

Coal  8 


Total    coal   » 56  Vi 

Total  impurities  _ l\^ 

Thickness   of    bed _ 5 7  Hi  inches 

Measured  thickness  - 57  inches 


ciObservatlons  by  Wi!s»on  and  Netzeband,  1IU2. 

Observations  by  G.  H.  Cady  in  1918:  The  coal  does  not  lie  in  benches,  but  i$ 
uniform  throughout.  There  are  no  "horsebacks"  and  no  boulders  in  the  roof. 
The  coal  contains  a  few  scattered  lenses  of  massive  pyrite  one  inch  thick  and 
4  to  6  inches  across  and  an  occasional  lens  of  laminated  pyrite,  all  in  one  general 
part  of  the  mine. 

Record  of  observations  by  H.  E,  Culver  in  1925  in  the  local  mine  operated  by 
Jones  and  Sons  near  Blair,  sec.  26,  T.  5  S.,  R.  6  W.,  Randolph  County 

The  coal  has  a  thickness  varying  from  51  to  60  inches  and  averaging  56 
inches.  It  contains  scattered  lenses  of  brown  and  of  bright  pyrite  but  apparently* 
at  no  persistent  positions.  The  seam  is  not  separated  into  distinct  benches.  The 
coal  is  described  as  consisting  largely  of  dull  bands.  Facings  of  calcite,  pyrite, 
and  possibly  gypsum  occur  as  joint  fillings  in  the  coal. 

Record  of  observations  by  H.  E.  Culver  in  1925  in  the  strip  mine  operated  by 
the  Quaker  Coal  Co.,  novo  Huskey  Coal  Co.,  near  Carterville,  sec.  5, 

T.  9  S.,  R.  1  £.,  Williamson  County 

The  coal  has  a  thickness  varying  from  36  to  48  inches  and  averaging  42 
inches.  The  coal  lies  in  one  bench,  except  that  a  layer  of  pyrite  occurs  rather 
persistently  about  12  inches  from  the  bottom  of  the  coal.  The  coal  contains  rather 
numerous  partings  and  lenses  of  charcoal. 

Sections  of  No.  5  coal  in  mine  No.  2  Wasson  Coal  Co.,  Carrier  Mitts, 
sec.  33,  T.  9  S.,  R.  5  E.,  Saline  County  a 

Section  1 — Face  of  11th  east  off  the  main  north  entry 
Strata  Thickness 

Inches  Inches 

Shale 

Coal 12 

Charcoal  - V^ 

Coal  7  % 

Charcoal -_»       ^4 

•Coal  ~  3 1 

Pyrite  lens  H 

Coal  5% 

Total    coal    — 56% 

Total  impurities  % 

Thickness    of   bed — - -56%  inches 

Measured    thickness   57       inches 
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Section  2 — Face  of  5th  east  o£F  main  north  entry 

Strata  Thickness 

Inches  Inches 

Shale 

Charcoal  . - — A 


^  ^/ L ^l A     ^ ^^ d  1     ••  ■  w»»*< ■■■•••■  ••■.«•••■  ««> .••••••■- . •••••••■••  -—>»»>••*■■■■■■»»—•»» ■■■—■■■—■■■■■—■■•» II  n !■■■■■  I  !■    J ^r 

Section  3 — Room  24  off  the   11th  north  off  the  main  west  entry 

Strata  Thickness 

Inches  Inches 

Shale 

Coal  7 


Total  impurities  V^ 

Thickness   of   bed 54%  inches 

Measured   thickness   54%  inches 


aMeasured  by  Netzeband,  1312, 

The  foregoing  sections  and  other  observations  although  less  complete 
than  is  desirable,  particularly  with  respect  to  the  coal  in  Williamson 
County,  indicate  tw^o  noteworthy  characteristics  of  the  coal:  (1)  No.  5 
coal  difFers  from  No.  6  coal  in  that  it  is  a  single  bench  seam.  (2)  The  ash 
content  decreases  eastward  across  the  State,  but,  so  far  as  is  known,  it 
nowhere  decreases  to  the  extent  to  which  the  ash  content  of  No.  6  coal 
decreases  in  parts  of  Williamson  County.  There  is,  however,  very  little 
reliable  information  about  the  character  of  No.  5  coal  in  Williamson 
County,  so  that  generalizations  are  not  of  great  value. 

CHARACTER  OF  THE  STRATA  ABOVE  NO.  6  COAL 

Certain  generalizations  in  regard  to  the  character  of  the  rocks  asso- 
ciated with  No.  6  coal  will  doubtless  be  of  interest.  Particular  interest  is 
attached  to  the  character  of  the  cap  rock  which  is  one  of  the  most  wide- 
spread beds  in  the  Pennsylvanian  formations  of  Illinois.  Its  presence 
within  a  short  distance  above  the  top  of  No.  6  coal  is  almost  universal.  It 
is  invariably  present  west  of  Williamson  County  and  in  eastern  Williamson 
and  Saline  counties.  In  central  Williamson  County  its  absence  in  places 
is  one  reason  for  the  favorable  stripping  conditions  for  No.  6  coal  in  the 
region  where  are  located  the  Pyramid,  Mammoth,  and  Prosperity  pits, 
near  the  line  of  the  Chicago,  Burlington,  and  Quincy  Railroad  between 
Herrin  and  Marion  (PI.  VII).  In  a  small  area  apparently  not  more 
than  one  mile  wide  the  limestone  cap  seems  to  be  generally  absent.  The 
area  seemingly  lies  at  the  margin  of  a  region  extending  northward  into 
central  Franklin  County  and  widening  to  the  east  and  west  in  which  the 
limestone  cap  rock  is  generally  absent  or  25  feet  or  more  above  the  coal. 


24  cri\L  rrRipPi!i^G  ptasibilities  is  southekx  ilunois 

It  is  approximately  coterminous  with  the  airea  in  which   No.   6   coal   is 
8  feet  or  more  thick. 

Where  the  cap  rock  is  present  its  thickness  increases  somewhat  from 
east  to  west.     It  is  not  commonly  more  than  8  feet  in  Saline  and  eastern 
Williamson  Count>'.     Of  180  records  of  drill  holes  in  Saline  County  most 
of  which  penetrated  No.  6  coal  only  three  report  cap  rock  10  feet  or  more 
in  thickness.     The  greatest  thickness  reported  is  12  feet,  and  the   usual 
thickness  is  6  feet  or  less.     The   limestone  thickens  somewhat    through 
western   Williamson   County.      In  the  strip  pit  operated  by   the    Black 
Servant  Coal  Company,  in  northeastern  Jackson  County,  the  cap  rock  i< 
about  7  feet  thick.     Between  Duquoin  and  Pinckne>'ville  where  there  has 
been  much  exploration,  thicknesses  in  excess  of  10  feet  are  common  and  in 
places  the  limestone  is  said  to  be  as  much  as  20  feet  thick.     In  ^vestem 
Perry  County  in  the  vicinit}'  of  Willisville  the  cap  rock  appears  to  have  a 
very  uniform  thickness  of  about  6  feet ;   in  the  Sparta  region  it  seems  to  be 
slightly  thinner.      In   the   Sparta- Willisville   region   two  other   persistent 
beds  of  limestone  are  present  within  40  feet  of  the  coal,  one  about  5  to  6 
feet  thick  lying  about  25  feet  above  the  coal,  and  the  other  about  3  feet 
thick  lying  about  40  feet  above  the  coal.     These  three  limestones  can  be 
very  definitely  identified  from  drill  hole  to  drill  hole  over  a  considerable 
area.     Exploration  with  the  drill  east  of  Freeburg  in  St.  Clair  Count>' 
indicates  that  the  limestones  present  in  Randolph  Count>'  also  underlie  at 
least  parts  of  St.  Clair  County  and  possess  similar  characteristics.     The 
data  herein  presented  indicate  that  the  thickness  of  the  cap  rock  as  a  single 
ledge  is  greatest  in  the  Duquoin-Pinckneyville  region. 

Where  open-cut  mining  requires  the  removal  of  a  considerable  thick- 
ness of  limestone,  as  is  the  case  generally  along  the  outcrop  of  No.  6  coal, 
the  value  of  the  rock  so  removed  is  a  matter  of  interest.  The  use  to 
which  the  rock  can  be  put  depends  very  largely  upon  its  chemical  character. 
The  Survey  has  in  its  files  the  single  analysis  of  the  cap  rock  given  below 
which  represents  a  sample  collected  in  the  Duquoin  region. 

Analysis  of  the  limestone  cap  rock  of  No.  6  Coal  near  Duquoin,  Illinois  « 

Per  cent 

SiO,  - - - - »..- -.34.04 

Fe  and  Al  oxides 7.88 

■  • 

CaO  ....- ~ -- 28.56 

MgO 2.04 

Loss   of    ignition - 23.87 

Alkalies  (by  difference)   NajO  and  KgO — '. —  3.67 


oLaboratory  No.  15354.     Analyst,  J.  M.  Llndgren. 
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This  analysis  accords  with  the  determinations  of  the  physical  character 
of  the  rock.  In  its  usual  manifestation  it  is  an  impure  earthy  limestone, 
from  buff  to  dark  gray  in  color.  It  is  very  sparingly  fossiliferous.  Where 
exposed  it  weathers  to  a  smooth,  light  gray  to  buff  surface.  It  is  brittle 
and  relatively  soft  and  when  struck  sharply  with  a  hammer  breaks  off  in 
thin,  more  or  less  rectangular  fragments  parallel  to  the  weathered  surface 
and  not  to  the  bedding,  which  is  not  very  definitely  marked.  The  chief 
impurity  is  fine  siliceous  silt,  in  accordance  with  the  very  high  per  cent  of 
silica  determined  by  analysis.  The  weathered  product  produced  by  the 
decay  of  the  rock  has  not  the  usual  plastic  character  of  material  derived 
from  pure  limestones  because  of  its  high  siliceous  content.  Physical  and 
chemical  examination  of  the  rock  indicates  that  in  general  it  does  not 
possess  the  characteristics  of  a  high-grade  limestone  suitable  for  the  manu- 
facture of  the  better  grades  of  agricultural  limestone,  portland  cement,  etc. 
Its  possibilities  of  usefulness  reside  mainly  in  its  qualifications  for  use  as 
rubble  and  ballast. 

The  physical  characteristics  of  the  higher  limestones  present  in  the 
Randolph  County  area  are  such  as  to  indicate  that  these  beds  are  more 
highly  calcareous  than  the  cap  rock  of  No.  6  coal.  The  writer  is  not 
siwsLTt  that  any  analyses  of  these  limestones  have  been  made,  but  from  a 
knowledge  of  their  physical  character  as  displayed  in  outcrop  he  is  confi- 
dent that  the  possibilities  of  their  usefulness  are  much  greater  than  those  of 
the  cap  rock. 

The  strata  other  than  limestone  lying  within  50  feet  of  No.  6  coal 
consist  almost  entirely  of  shale  except  in  parts  of  Saline  County.  In 
western  Kentucky  a  wide-spread  sandstone  known  as  the  Anvil  Rock  sand- 
stone overlies  the  cap  rock  of  Herrin  (No.  6)  (Kentucky  No.  11)  coal. 
This  sandstone  has  been  identified  in  the  Eagle  Valley  region  in  southern 
Gallatin  Count>%  Illinois.*  In  places  in  Saline  County  sandstone  occupies 
a  position  similar  to  that  of  the  Anvil  Rock  sandstone  in  Gallatin  County, 
Illinois,  and  in  western  Kentucky.  The  presence  of  such  a  sandstone  in 
the  section  above  No.  6  coal  may  largely  explain  the  southward  facing 
escarpment  extending  from  Ledford  to  Hatrisburg,  though  it  is  probable 
that  sandstone  in  this  locality  overlies  a  limestone  known  as  the  Bankston 
Creek  limestone,  the  position  of  which  is  between  30  and  40  feet  above 
No.  6  coal.  There  are  numerous  drill  holes  in  Saline  County,  however, 
the  records  of  which  show  the  presence  of  thick  sandstone  beds  within  a 
few  ieet  of  the  coal.  Such  sandstones  do  not  seem  to  be  present  commonly 
west  of  the  Williamson-Saline  county  line. 


sButts.  Charles,   GreoloKy  and   mineral  resources  of  the  Equality- Shawneetown 
area:     Illinois  State  Geol.  Survey  Bull.  57,  PI.  I,  iy25. 
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NO.  6  COAL 
CHEMICAL  CHARACTERISTICS 

Numerous  chemical  analyses  of  face  samples  show  that  the  quality  of 
the  coal  substance  as  expressed  by  the  unit  coal  B.  t.  u.  value  (moisture,  ash» 
and  sulphur  free)  improves  progressively  eastward  and  southward  across 
the  southern  part  of  the  State,  at  least  as  far  as  eastern  Williamson  County. 
Whether  this  improvement  in  quality  persists  across  Saline  County  there 
is  at  present  no  means  of  knowing  as  analyses  are  not  available.  This 
change  in  the  character  of  the  coal  is  demonstrated  by  the  analyses  in 
Table  3  which  are  so  arranged  that  they  refer  to  the  quality  of  the  coal 
at  points  successively  farther  and  farther  east.  The  unit  coal  B,  t.  u. 
value  represents  the  heating  value  of  the  coal  substance  free  from  all  non- 
coal  substance;  that  is,  moisture,  ash,  and  sulphur.  The  "as  received" 
B.  t.  u.  value  may  be  regarded  as  the  unit  coal  B.  t.  u.  value  decreased  in 
proportion  to  the  amount  of  moisture,  ash  and  sulphur  in  the  coal  as 
mined.  It  will  be  noted  from  an  inspection  of  the  data  in  Table  3  that 
of  the  three  non-coal  components,  moisture  shows  the  most  definite  change 
in  quantity  between  the  west  and  east  sides  of  the  State.  The  decrease  in 
moisture  together  with  an  increase  in  the  heating  quality  of  the  pure  coal 
necessarily  means  that  the  coal  as  mined  improves  toward  the  southeast 
even  though  the  ash  and  sulphur  remain  the  same.  It  will  be  noted  that 
the  ash  content  in  eastern  Williamson  County  is  not  greatly  different 
from  that  in  St.  Clair  and  Randolph  counties.  The  sulphur  content  is 
only  a  little  if  any  less.  There  is,  however,  an  area  in  central  Williamson 
County  characterized  by  relatively  low  ash  and  sulphur  content.  The 
amount  of  moisture  is  intermediate.  This  low  ash  and  sulphur  content 
together  with  a  relatively  low  moisture  content  provides  as  low  a  total 
non-combustible  content  as  is  found  in  the  eastern  part  of  the  county 
where  the  moisture  possesses  its  minimum  value,  but  the  ash  and  sulphur 
are  slightly  higher  in  amount.  Therefore  we  find  that  the  "as  received" 
values  of  the  coal  in  the  central  and  eastern  parts  of  Williamson  County 
differ  very  little.  Although  the  total  non-coal  substance  in  the  coal  in  the 
two  parts  of  the  county  is  approximately  the  same,  it  is  important  to  under- 
stand that  a  larger  portion  of  the  non-combustible  material  is  ash  in  the 
coal  mined  in  the  eastern  part  of  the  county  than  is  the  case  with  respect 
to  the  coal  in  the  central  part  of  the  county. 

The  chemical  character  of  No.  6  coal  in  mines  adjacent  to  its  outcrop 
across  the  southern  part  of  the  State  is  shown  by  the  analyses  in  Table  3. 


COAL  STRIPPING  POSSIBILITIES  IN   SOUTHERN   ILLINOIS 


27 


T.ABLE  3. — Analyses  of  No.  6  coal  in  mines  adjacent  to  the  outcrop  of 

coal  in  southern  Illinois 

(Face  samples  only) 

Volatile     Fixed 
Moisture  Matter     Carbon 


Analysis  Form  of 

No.         Date     Analysis 


Ash      Sulphur 


St.  Clair  County 


125590       5/21     As   reed  11.5           37.2 

Dry  42.0 
Unit  coal 

1600''       6/08     As   rec'd  11.4           37.8 

Dry  42.6 
Unit  coal 

262AC      7/09     As  rec'd  10.0          37.6 

Dry  41.8 

Unit  coal 

5524-6<*8/12     As   rec'd  10.0          39.3 

Average            Dry  43.7 

Unit  coal 

\2SS%d      5/21     As  rec'd  9.4          37.2 

Dry  41.0 
Unit  coal 


41.7 
47.1 

37.4 
42.2 

41.0 
45.6 

39.1 
43.4 

40.9 
45.1 


9.6 
10.9 

13.4 
15.1 

11.3 
12.6 

11.5 
12.8 

12.6 
13.9 


2.8 
3.2 

5.0 
5.7 

4.4 
4.8 

3.9 
4.3 

4.0 
4.4 


the 

Calorific 
Value 

(B.t.  u.) 


11155 
12607 
14394 
10547 
11908 
14435 
11219 
12471 
14600 
11045 
12278 
14398 
10959 
12091 
14378 


nNear  Millstadt. 
6Near  Preeburg. 


cNear  Lenzburg:. 
<fNear  Marissa. 


12564«       5/21     As  rec'd 

Dry 

Unit  coal 

5045-7b  8/12     As  rec'd 

Average  Dry 

Unit  coal 

a  Northern  part  of  county. 
bCentral  part  of  county. 

5034,  37, 
38,40, 

42,430  6/12     As   rec'd 
Average  Dry 

Unit  coal 
5514 

19,20&     8/12     As  rec'd 
Average  Dry 

Unit  coal 
31033-6C10/18    As  rec'd 
Composite         Dry 

Unit  coal 

a  Near  PInckneyvllle. 


Randolph  County 

9.7 


11.1 


10.95 


12.45 


12.04 


37.3 

41.7 

11.3 

4.1 

11135 

41.3 

46.2 

12.5 

4.6 

12330 
,   14412 

37.3 

40.1 

11.4 

4.2 

10855 

43.7 

43.4 

12.8 

4.3 

12278 
14351 

Perry  County 

5    37.0 

41.8 

*10.2 

3.6 

11060 

41.5 

47.0 

11.5 

4.0 

12420 
14314 

5    36.1 

42.8 

«.6 

2.8 

11207 

41.3 

48.8 

9.9 

3.2 

12801 
14431 

\        33.9 

44.8 

9.2 

1.5 

11227 

38.5 

51.0 

10.5 

1.7 

12764 
14449 

bWest  of  Duquoln. 


cSouth  of  Duquoln ;  Security  No.  1  mine ;  U.  S.  Bur.  Mines  Bull.  193,  p.  33, 1922. 

Williamson  County 
8.1 


128750       7/21 


As  rec'd 

Dry 
Unit  coal 


4996, 
5000, 
5006^ 

Average 

12883^ 
12882^       7/21 


6/12     As   rec'd 
Dry 
Unit  coal 
7/21     As   rec'd 
Dry 
Unit  coal 
As   rec'd 

Dry 
Unit  coal 


8.2 


5.7 


4.9 


31.2 

53.0 

7.7 

1.1 

12156 

34.0 

57.7 

8.3 

1.2 

13164 

14508 

33.9 

48.9 

9.0 

2.2 

11913 

37.0 

53.2 

9.8 

2.3 

13030 
14652 

35.4 

45.0 

13.9 

4.2 

11514 

37.5 

47.7 

14.8 

4.4 

12215 
14695 

37.0 

46.7 

11.4 

3.4 

12106 

38.9 

49.1 

11.9 

3.6 

12557 
14750 

aNear  Cartervllle. 
b North  of  Marion. 
cNortheast  of  Marlon. 


2S  COAL   STRIPPING  POSSIBILITIES   IN   SOUTHERN    ILLINOIS 

PHYSICAL  CHARACrERlSnCS 

In  the  selection  of  a  coal  bed  for  open-cut  mining  its  ph)^ical  charac- 
teristics need  to  be  taken  into  consideration  as  fully  as  the  chemical  char- 
acteristics, particularly  when  the  analyses  represent  face  samples  of  coal. 
Face  sampling  permits  the  discard  of  impurities  greater  than  j4-inch  in 
thickness ;  hence  it  is  quite  possible  that  in  some  regions  the  importance  of 
certain  persistent  banded  impurities,  which  can  scarcely  be  discarded  in 
open-cut  mining,  is  not  fully  realized. 

The  physical  features  of  No.  6  coal  differ  considerably  from  point  to 
point  in  the  southern  part  of  the  State.  The  most  conspicuous  difference 
is  between  the  coal  east  and  that  west  of  the  Duquoin  anticline,  or  approxi- 
mately that  position.  There  is  no  definite  line  of  demarcation  and  it  b 
probable  that  the  Williamson  County  type  of  coal  persists  somewhat  to  the 
west  of  the  line  of  the  anticline  into  Jackson  and  Perr>''  counties. 

One  of  the  very  prominent  and  characteristic  features  of  No.  6  coal 
is  its  "bench"  arrangement.  All  through  southern  Illinois  a  division  into  a 
top,  middle,  and  lower  bench  is  possible.  The  lower  bench  is  separated 
from  the  middle  bench  by  a  bed  of  shale,  or  fire  clay,  known  as  the  "blue 
band"  which  is  without  question  the  most  characteristic  physical  feature 
of  the  bed.  The  upper  and  middle  benches  are  commonly  separated  by  a 
"mother  coal"  or  mineral  charcoal  parting  which  is  probably  significant  of 
a  time  during  which  there  was  wide-spread  oxidation  of  the  surface  of  the 
peat  deposit  now  represented  by  the  coal.  The  coal  above  the  parting;  that 
is,  the  top  coal,  and  the  bottom  coal  below  the  blue  band  generally  make 
solid  benches  of  good  Coal,  although  the  upper  bench  is  probably  superior 
in  quality  to  the  rest  of  the  coal  in  the  seam.  It  is  in  the  phj'sical  character 
of  the  middle  bench  that  there  resides  the  great  difference  between  the  coal 
underlying  the  eastern  and  that  underlying  the  western  part  of  the  southern 
end  of  the  State.  In  some  places  in  Williamson  County  and  the  Duquoin 
region  the  middle  bench  is  solid  like  the  top  and  bottom  benches.  WhcTC 
it  is  split  up,  the  thinner  benches  are  not  persistent  and  the  partings  are 
generally  thin  layers  of  mother  coal.  The  lack  of  persistence  of  the  sub- 
divisions is  noteworthy. 

There  follows  a  series  of  measured  sections  of  No.  6  coal  collected 
during  the  past  twenty  years  by  members  of  the  Survey  staff  from  mines 
adjacent  to  the  outcrop  through  St.  Clair,  Randolph,  Perry,  and  William- 
son counties. 
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ST.  CLAIR  COUNTY 

Section  of  No.  6*  coal  in  mine  of  Pittsburg  Mining  Co,,  Belleville, 

sec.  16,  T.  1  N.,  R.  8  IV. <^ 

About  1200  feet  southeast  of  shaft 
Strata  Thickness 

Inches  Inches 


Coal,  top 
Coal 


Slate,   blue   

Coal  "drift"  -» 

Slate,   blue   

Coal   **block'*   -. 

"Sulphur" 

Coal  


Slate,   blue   .. 
Coal 


Slate,  blue  (blue  band?)  » 
Coal,   bottom   

Total  coal  - 


11% 

15^ 

11% 
11% 

3 

1^ 
18 


% 

y2 


V4 


Total   impurities  

Thickness  of  bed 
aMeasured  by  W.  P.  Wheeler,  1907. 


72H 


3% 
76  J^  inches 


Section  of  No.  6  coal  in  strip  pit  operated  by  Chas.  Deffenbaugh, 

Millstadt  ,sec.  2i,  T,  1  S„  R.  9  IT .« 

Strata  Thickness 

Inches  Inches 

Shale,  carbonaceous,  weathered 

^^O  SI  I  _■■■!  I.  ■  I  I  I  II  _-  I  I  II    II-    I-       **-"-■  ■■■—.—  .—  .—..—.—  Q  x*^ 


Pyrite   

Shale,  pyritic  

Coal  

Pyrite    

Coal  


14% 


.-  21 


y4-% 
^-1 

Va 


Total  coal 


Total   impurities  

Thickness  of  bed  

Measured    thickness    

aMeasured  by  Wilson,  1921. 


SV/t 


2% 

60      inches 

59J/2  inches 


Section  of  No,  6  coal  in  mine  of  Mulberry  Hill  Coal  Co,,  Freeburg, 

sec,  IS,  T,  1  S.,  R.  7  W,<^ 
Strata  Thickness 

Inches  Inches 

•Slate,''  black 

Coal,  hard,  sulphur  stringers,  calcite  facings 11^/4 

Coal,  mostly  dull,  with  bony  and  "sulphur"  lenses 10% 

"Sulphur"  parting  

Coal,  as  above  5  % 

^hal^     hlarlr 

"Sulphur"  lens 

Poll  4> 


l.i 


H 


% 

% 
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Sulphur"   lens 

Coal  

Shale  

Coal  ~ 


4 
23V2 


»4 


Total  coal 

Total  impurities  


86 '.4 


Thickness    of    bed 
Measured    thickness 


3% 
%9H  ioches 
89        inches 


aMeasured  by  I\  T.  Post,  1925.     Position  in  mine  not  stated. 


Sections  of  No,  6  coal  in  mine  of  the  Star  Coal  Co.,  Freeburg, 

sec.  30  r.  1  5.,  R.  7  /ir.« 

Section  1 — Sixth  room  off  the  8th  south  on  west  side 

Strata  Thickness 

Inches  Inches 

"Slate" 

Coal,  with  "sulphur"  lens  (1  by  6  inches) 17f4 

Clay,  "sulphur*'  in  places -  ^ 

CI  ay  and  "sulphu  r" 

Blue  band  and  pyrite - 


^4 


Tntal    rnfll 

Total   impurities   

Thickness  of  bed  

Measured  thickness  — 


28  ;4 


80   inches 
79  inches 


Section  2 — Measured  near  shaft  on  east  side 

Strata  Thickness 

"Slate,"  black  Inches  Inches 

Coal   -.. - - ^ 25 % 

Clay,  sulphur,  mother  coal  parting. 

Clav  ^ 

Clay," mother  coal,  "sulphur" Vi 

Coal   - -- - - 7 

Coal   - -.-. - 24% 


¥2 


Total    roal 

Total   impurities  — 

Thickness  of  bed  

Measured   thickness   


79!/< 


72 


1% 
.—  81  inches 
81  inches 

Note :  The  partings  Nos.  2,  4,  6,  and  8,  are  very  persistent  throughout  the 
mine.  In  many  places  one  or  more  of  them  will  be  pyrite.  The  blue  band  Is  not 
uncommonly  all  pyrite. 


Section  3 — Fifth  and  sixth  south  entries  on  east  side 

Strata  Thickness 

"Slate,"  black  Inches  Inches 

Coal  3 1 

Clay   streak 

Clay  and  pyrite  ^o 

Coal    _..„ _ _.  14 
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Coal   4 

Coal   ..- -  30% 

Mother  coal  - ¥2 

Coal 21 


Total   impurities   _ 1% 

Thickness  of  bed  121 3^  inches 

Measured    thickness    121^  inches 

Note:     Coal    In    this   mine   varies    in    thickness    from    78    to    134    Inches.      The 
average  thickness  is  84  inches. 

a  Measured  by  G.  H.  Cady,  1918. 

Section  of  No.  6  coal  in  Fairbanks  {No.  3)  mine,  Kolh  Coal  Co.,  Neiv  Athens, 

sec.  2,  T.  3  S.,  R.  7  /r.« 

Strata  Room  3  off  third  east  entry  Thickness 

Clod  Inches  Inches 

Shale   (2  inches) 

Coal _ - 12^ 

"Sulphur" % 

Coal 10% 

"Sulphur"  » „ y^ 

v-'Oai  — • ■ — • ••— —-—»»—«"*■-  ..—..-■■- ......—..■.,    ........^..»..^.     J 

"Sulphur" % 

Coal   .-.- 9% 

Coal,   bony  _ _ Vz 

Coal  > 1 1  % 

"Sulphur"   -. Vi 

Coal 4% 

Blue    band    % 

Coal  22 

Clay  

Total   coal   _ 7  5  J/^ 

Total    impurities   _ 2% 

Thickness  of  bed  77^4  inches 

Measured    thickness    - —  77^  inches 

^Measured  by  E.  W.   Shaw,   1011. 

Section  of  No.  6  coal  in  mine  No.  2,  Borders  Coal  Co.,  Marissa, 

sec.  21,  T.  3  S.,  R.  6  W .^ 
Strata  Thickness 

Inches  Inches 

Limestone  more  than  2  feet  thick 

Coal,  "blacksmith"  18 

Parting % 

Coal   ^ 24 

"Sulphur"  and  shale % 

Coal   13^ 

"Sulphur" % 

Coal „ -. W'l 

Blue  band   and  "sulphur" 1% 

Coal 18 

Clav 


Total  coal   ™. 78 

Total   impurities   „ 2 

Thickness   of   bed    90  inches 

fiMea.sured  by  Jon  Udden.  1908.     I^ocation  of  section  in  mine  not  stated. 
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Sections  of  No,  6  coal  in  mine  No,  1,  Borders  Coal  Co.,  Marissa, 

sec.  27,  T.  3  S.,  R.  6  fT.a 


Strata 


Section  1 — East  room  off  south  entry 


Limestone 

Coal,  clean,   bright  

Pvrite  __ 

Coal,  dirty  

Pvrite 

Coal,  very  dirty - 

pyrite  

Coal,  bony  

Blue  band,  bone,  shale,  pyrite- 
Coal,    fairly   clean,    hard 


Inches 

2oy> 


Thickness 

inches 


*?s 


4 
I 


19 


Clay 


Total  coal _ _ 71^ 

Total   impurities  -.. 

Thickness  of  bed :. 

Measured    thickness   


.7«8  in<:bes 
.78  inches 


Section  2 — Room  8  north  off  6th  east  off  north 
Strata  Thickness 

Inches  laches 

Shale,  black 

Pyrite    and   bone   2 

Coal,  clean,  bright  — 15J4 

Pyrite  - — ~- 

Coal,  fairly  clean  10 

Pvrite  - 

Coal,  fairly  clean  and  bright 16 

Bone  and  pyrite —.. 

Coal,   fairly  clean _ 16 

Blue  band;  bone  and  shale 

Coal,   dirty  _ -~ ^ - 23 

Clay  

Total  coal  - 80 J4 

Total    impurities   - 4?4 

Thickness   of   bed - 843.-^  inches 

Measured    thickness  -  85  inches 


14 


•-4 

IK 


Section  3 — Room  5  from  face  of  2nd  east  off  north 


Strata 


Thickness 


Limestone 

Coal,  top  bench,  clean,  bright. 

Coal,   clean,   bright — 

Bone  

Coal,  dirty  

Pyrite    and    bone 

Coal,  dirty  

Blue  band;  hone  and  shale 

Coal,    dirty   

Clay 

Total  coal  

Total    impurities 


Inches 

■     9^ 
•  1554 

.  16 


Inches 


—  17 


H 


H 


% 


-  76J4 


l>i 


Thickness   of   bed _..78  inche> 

Measured    thickness   - ^ „ „ 78  inches 

(iMeasured  by  Nebel  and  Smith,  1912. 
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Sections  of  No,  6  coal  in  Meek  mine  of  the  Egyptian  Coal  and  Mining  Co., 

Marissa,  sec,  36,  T,  2  S,,  R,  6  fF,^ 

Section  1 — Fourth  west  entry  south 
Strata  Thickness 

"Slate"  Inches  Inches 

Coal  8 

Charcoal   -- - % 

Coal - —     5 

Coal   — — --     5 

Charcoal   and   pyrite 1 

Coal   - — 6^ 

Charcoal  ~ - 54 

Coal  — 1 5 

Charcoal   - - —       54 

Coal  — - - —     5 

Pyrite    and    charcoal __ 1 

Coal  ...- - 1 3 

Pyrite    — — — 5^ 

Coal  ^ ~ - -..- ^1/2 

SI  ate ;    blue   band %-l 

Coal  -..  16 

Clay  

Total  coal 79 

Total   impurities  3% 

Thickness   of   bed 82%  inches 

Measured  thickness  - - ~  82  inches 

Strata  Section  2 — Main  south  entry  Thickness 

"Slate*'  Inches  Inches 

Coal 12 

Pyrite    — ~- ^-^ 

Clay  mixture  — — ~ -  5^ 

Coal  - — 9 

Pyrite    ^ 

Shale  and  pyrite - — J/^ 

Coal  - 16/4 

Shale,  blue  band — - ^ 

Coal  ~ — ~ - —  16 


Clay 


Total  coal  -~  73^ 

Total    impurities  2% 

Thickness   of  bed..- 76%  inches 

Measured  thickness   76  inches 

o Measured  by  J.  M.  Wilson.  1921. 

RANDOLPH   COUNTY 

Section  of  No.  6  coal  in  the  mine  of  the  Boyd  Coal  Co.,  Sparta, 

sec.  1,  T.  5  S.,  R.  6  W.^ 
Strata    ^^  Thickness 

Draw  "slate"  Inches  Inches 

Coal,  top  14 

"Sulphur"    ^ 

Coal    ("nine-inch  bench'') •- _.  12 

Parting   — - _ ^ 

Coal    ( "drift  bench" ) ; 1 1 

Dirt    1/15 

Coal  ("block  bench") _ 16 

"Sulphur''  _ „ % 
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Coal    - 

Blue   band 
Coal  


Total  coal  - 

Total   impurities   

Thickness  of  bed. 


4 
11 


68 


2    1/16 

70   1/16  inches 

oMeasured  by  G.  H.  Cady.  Location  In  mine  not  stated.  Observations  In  191S<  :i 

Sections  of  No.  6  coal  in  the  mine  of  Moffat  Coal  Co.,  Sparta, 

sec.  8,  T.  5  S.,  R.  5  IV. O' 


Strata 
Clod,  shaly 
Coal  -. 
Shale  .... 
Coal,  clean 


Section  1 — Location  in  mine  not  stated 


Thickness 


Coal  with  pyrite 

Coal  with  thin  pyrite  partings- 
Shale  band  -..~...-~ ...........^ 

Coal   - 

SlijiJe 

Coal  

Blue  band,  shale  ■- 

Coal  ~ 


Inches 

-     5^ 


—  8 

—  5^ 


Inches 
1 


Clay 


Total  coal  

Total   impurities   

Thickness   of   bed. 


62% 


2S 

.65*,^   inche-i 


Section  2 — North  rib  on  10th  west  (in  120  feet  east  of  face)   off  13th  south. 

Called  main   10th  west 


Strata 
Shale,  black  fi<sile 

^^  *^f  4(  \      •••>■■••••■•**  *  ■  ■  ■••*>•••••••■■■•••••»*«*«  ■•«*•*.■■•  ■>>««>«■  *i  ■  •  ■  ■■■■■»»  - » ••.*>•>••■• 

^^  J  ^^  ^1  \  mm  •*■  •  >*■•••  •■  *  ■  ■•  ■>•■••  ^m  ^    >•  ■  ■  »  *  •  ■««*«  **•*•••  ■•••••  mm  m  mm  ■■•■*>■  ■•••*•  »  m  s*a  •■•■•>»■ 

Pyrite  p  a  rting  

Coal  ~~ 

Shale   

Coal  

Charcoal   parting 

Coal  

Charcoal  parting    

Coal  ...~ -. 

Shale 

Shale  and  pyrite  band 

Coal   - 

Blue   band,   shale 

Coal  

Clay 

Total  coal  - 

Total    impurities  

Thickness   of   bed..... 
Measured   thickness 


Thickness 


Inches 

-    7H 


Inches 


2/8 


9  6/8 

7 
2/8 

4^ 
6  6/8 


2/% 


4  '8 


4/8 


1  6/8 


62  Vi 

"'  3^4 

65%  inches 

— .....-..-...„........».■...— _.o3  o/ o  incne^ 

Note :  Culver  reports  that  the  shale  partings  are  persistent ;  about  as  much 
so  as  the  so-called  blue  band,  which  here  is  very  low  In  most  parts  of  the  mine.  In 
the  abundance  of  relatively  persistent  partings  this  bed  appears  to  be  more  Ukfi 
No.  6  coal  in  the  Belleville  reg^Ion  than  like  the  coal  in  the  vicinity  of  Duquoin. 

aMeasured  by  H.  E.  Culver,  1925 (?). 
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Section  of  No,  6  coal  in  mine  No,  4,  Illinois  Fuel  Co,,  Sparta, 

sec,  16,  T,  5  S.,  R,  5  fF,<i 


Face  of  13th  east  off  main  north  entry 


Strata 


Shale,  fissile 

Coaly  top   (estimated). 

Coal  

Shale   — ~ — 

Coal  — 


Charcoal   and  pyrite  lens- 

'Pvrifp 

Coal  

Pyrite  band  

Coal  

Pyrite  parting  


Clay 


Shale;  blue  band 

Coal  with  thin  pyrite  lenses 


Thickness 
Inches  Inches 


8 
24  6/8 
13 

3 
14 

1  6/8 

12  6/8 


78% 


4/8 

H 
2/8 

% 
1  4/8 


Total  coal  

Total   impurities   378 

Thickness   of  bed 81 72  inches 

Measured  thickness  72  inches  plus  estimated  8 

aMeasured  by  H.  E.  Culver,  1925    (?) 


Sections  of  No,  6  coal  in  mine  No,  6,  Willis  Coal  and  Mining  Co,,  Percy, 

sec,  U,  T.  6  S„  R,  5  IT .« 


Section  1 — ^Twenty-first  south  entry 


Strata 

*'Slate" 

Coal  

"Sulphur"  ^ 

Coal  

"Sulphur"  -. 

Coal  

Clay 


9  n  B 1 C     •..•••».—»•.■.•. 

Coal  

Shale    

Coal  

Blue  band    .•■. 
Coal  — 


Clay 


Total  impurities  

Thickness   of   bed   > 
Measured   thickness 


Thickness 
Inches  Inches 


9 

7 

ZZ'28^ 
.....1-  10 
ZZ  13J4 

:z:  2^ 


85% 


1 
2 


.89^  inches 
87^  inches 


36 
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Section  2 — Face  of  main  east 


Strata 

"Slate" 

Coal   — — 

"Sulphur"  

"Sulphur" 

Clay  -.. - 

Coal  - 

"Sulphur"  

Coal  

"Sulphur"  

Coal  - 


Blue  band,  shale  and  "^sulphur"- 

Co  al  —- — 

"Sulphur"  — 

Coal - - — 


Clay 


Total  coal  

Total  Impurities 

Thickness   of   bed 


Xhickness 
Inches  Incka 


14}^ 
10 

7 
105^ 

6^ 

9 

7 

5 


69^4 


1 

1- 


Measured   thickness   - 


-7454  inches 
75  inches 


Section  3 — Face  of  the  12th  north  entry 


Strata 

"Slate" 
Coal  - 


"Sulphur"  .. 
Coal  — 


(I 


'*Sulphur"  

Coal — 

Charcoal   

Coal  — - 

Coal 

Clay  

Coal  

Charcoal    - 

Shale   - 

Coal  

Sulphur" 

Coal   ~- 

"Sulphur"    

Coal  

Blue  band;   shale 
Coal  


Thickness 


li 


Inches 

„  10 

.__  9 

_  2 

—  8 

—  6 

—  3 

—  135^ 
"Z*    3 
-.  16 


Ya 


Inchei 


V.i 


Total  coal    - 

Total   impurities  — 

Thickness   of  bed 

aMeasured  by  Wilson  and  Netzeband.  1921. 


-  777^ 


3^ 
-81^4   inches 
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PERRY  COUNTY 

Sections  of  No.  6  coal  in  mine  No.  8,  Willis  Coal  and  Mining  Co.,  Willisville, 

sec.  30,    T.  6  S.,  R.  4  /T.o 
(Depth  to  coal,  67  feet;  average  thickness,  72  inches) 

Section  1— 12th  south  off  1st  east 
Strata  Thickness 


'*Slate" 

Coal,   hard  

Coal,  softer,  pryrite  and  calcite  strings 

^^1 21^^  ttUu    c n  fl rco  fl  I  »—**———-—«•*■**'••"*»■■■  ■■  ■**•»«••"■——■*••»"•—*••*•*——*— 

^L^  ^J  ^4  I  V***^******  ■  «  *  ■«••••  ••«••>  ■  >•••■*••  •  •  a  •  «•••*»«  «  a  B  >  »*a  ••■■••«  ••••«  •••••a  •*  ■  a  aa*aa>a  a  •■  ■  •  ■  •■^••^*«^w*^»BM*a«*«  •  • 

^^  \^  4(  ^  ■■•»•■  a ••  aa a  •  -  ■  a  •••■•>*•  aa •*•  ■»»«■< ■  —  •■>>■— *a»»»>^ ••■■■■•»»»a»« — a •••••  ^av  a>«**« a ■•  *•  ••«•••  ••«•  ■■••■  «»»a ••■ 

CI  ay,   bl  ue   band 

Coal,  h ard     - — 

Underclay 


T*nt9l    rnal 

A     ^^%  Cft  m  ^tf^'  C&A  ——*•■■  ■  ■  ■  ■■»•■  a— a< a a»a  —  a  wa»a a  ■  ■  ■  ■  a— a  .aaaaaaaaa* 

Total   clay   and   impurities- 
Thickness   of   bed 

Measured   thickness   •.- 


Inches 

....     3 
^..  27 


Inches 


8^ 
16 
4 


..  11 


4^ 


69% 


Strata 


Section  2 — 12th  north  off  1st  east  at  entry 


...  75%  inches 
-..  74  inches 


Thickness 


**Slate" 

%^^^Jj|^  J  «»aa—»w«aaaaaa»«»»«<aaa»aa»^»a—a»««a»»*— *■■■■■■■■»•■•»—■■*•——#•■«»»■■  ••■•■^a» 

Coal,  softer,  pyrite,  and  calcite  strings. 

^  f.  £   ^J  ^r  W^mM^JL  ^^mA^*  A   ^M^^wK  ^  ■  ■■  B^aXaaa^aaaaa    ••••••aaasavaaaaaaaaBaaaaea  ■•*••■ 

riav 

^L^  m  ••   ▼  ••  •  aaa«**aa  «  »■  a^a  —^  a»aa»»a»aa  —  aa**.  ■  ■•.■•a*a  aaaaa.aaaaa  aaaasaa  •  ••••«  >a  a  aa  a  **a**a  ■  aa  .  •••  • 

Coal  — - — ~. 

Shale  and  pyrite,  blue  band 

Vrf^Ottl  •>»■■■■  I  I     — .Ml  ■■-pa"-  — "  —  »■■«  —  ««"*»■■■»"•■■— ■—^aa—a»aa.«^«aaaaa. a. ■  — 


Inches 

.    6 
-  27 


Inches 


Shale   and  clay 

Coal   


9/2 

14 

4 
13 


35^ 


T'rktal   rnal 

^L     ^^^  fiSI  ^tf  ^^  CSS  •*»aaaa*aaa**aar*a**aaaaa*«     aaaaaaaaaaaaa^B^a^^  aaj  a 

Total  clay  and  impurities- 
Thickness   of   bed 

Measured   thickness   •• 


73^ 


4^ 

.-  78%  inches 
.-  75  inches 


Section  3 — 3rd  south  off  main  east 


Strata 


Thickness 


Inches 
*'Slate" 

Coal,  hard  top _.. » S}/i 

Coal  — - - 21 

^^  AlSftS^r  •••••^••■"■■^••-••••■••■-•aaaB»a»»**aa«a»»a»a*«waaa»a«»»a»»aa«aaaaa«*aaaaaaaaa.aa».-«aaa«a»»a»**,aaaa»»aa«-«aa,aaaa»a»»aaaaaaaeaa..«»a-..a«««a« 

Coal  ~ 12 

Coal   and  charcoal — _... ^ 3 

Coal  - 23 


Inches 


% 


Shale,  blue  band- 
Coal  .- — 


11 


1^ 


Total    coal    jsy^ 

Total  clay  and  impurities- -  1^ 

Thickness   of  bed _..  77%  inches 

Measured   thickness   75%  inches 
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Strata 

"Slate" 

Coal|  top  

Shalcf   and  pyrite 

Coal   - 

Shale    

Coal   

Shale,  blue  band.-. 
Coal  


Section  -I — Hh  west  off  3rd  south 


Thickness 

Inches  Inches 


-     6^ 
~     4 


10 


—  33 


u 


1)2 


Total   coal    

Total  clay  and  impurities.. 

Thickness   of  bed.._ 

Measured   thickness  .... 
a  Notes  by  Wilson. 


63 


2^ 
65V^   inche'« 
6  5   inches 


Sections  of  No.  6  coal  in  mine  No.  i,  Willis  Coal  and  Mining  Co.,   WillisvUle, 

sec.  30,  T.  6  S.,  R.  4  W, 

(Depth  to  bottom  of  coal  86  feet;  average  thickness  74  inches) 
Section  1 — Face  of  the  5th  main  south  entry<* 


Strata 

Black  "slate"  roof 

Coal,  brittle,  very  hard,  bright 
Coal,  hard,  bright,  less  brittle- 


Thickness 

Inches  Inches 

-  14 

-  10 


Coal,  laminated,  filled  with  '^mother  coal"  in  thick  layers, 

bands  and  glance  coal  between 12 

Coal,  about  same,  little  more  solid 12 

Coal,  more  solid,  but  with  **mother  coal" 12 

Coal,  dirty,  considerable  sulphur  and  "mother  coal" 15 


Total   thickness 


75   inches 


Section  2 — 1st  Rcom  off  7th  south  off  main  east  4000  feet  southeast  of  sihaft*> 


Strata 
Draw  "slate" 

Mother  coal 

Coal  — 

"Sulphur"  

Coal  

Mother    coal 

Coal  

Blue    band 

Coal  

Underclay 


Total  coal  _ 

Total  clay  and  impurities. 

Thickness   of   bed 

aNotes  by  K.  D.  White.  1912. 
bNotes  by  Jon  Udden  before  1910. 


Thickness 
Inches  Inches 

13 


^ 


11 
6 

1 

29 
13 


t*> 


73 


^^-^ 


-  74V*  inches 
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Section  of  No,  6  coal  in  the  mine  of  the  Illinois  Sixth  Vein  Coal  Co,,  PinckneyvUle, 

Strata  ^'^-  ^^*  ^-  ^  -5-  ^-  ^  ^'"^  Thickness 

**SIatc"  Inches  Inches 

Charcoal   — - - % 

Coal  with  stringers  of  "sulphur" 27 

Charcoal   — % 

Coal  —————— —....♦ — — >.....—.. — — ~— ~ 7 

"Sulphur"    — - ^ 

Coal   with  bedded   *  sulphur  . ..—..... — 17 

<<^ii1nfiiir"  \4 

Coal 25^ 

Blue  band;  shale  and  "sulphur" 1 

o  na  1  e    ••~- «... __... ..........«»..«...■■■ . ......~»«i...«..».~~...— ..»...—  j^ 


Coal 


Total   impurities  .  1% 

Thickness   of  bed 74%  inches 

Measured   thickness  73  inches 

aMeasured  by  Wilson  and  Netzeband,  1921,  at  face  of  first  west  entry. 

Sections  of  No.  6  coal  in  mine  of  the  Ritchey  Coal  Co,,  Pinckneyville, 

sec,  23,  T,  5  S„  R,  3  W, 

Section  1 — At  face  of  room  4  on  2nd  west,  north  side** 
Strata  Thickness 

Shale,  carbonaceous  Inches  Inches 

Coal  (top  coal),  irregular  parting  below;  brittle  and  hard; 

calcite   and  "sulphur''   plates  scattered   through  coal 8 

Coal    with   mother   coal   in   thick   bands;    less   calcite    and 

Coal,  with  bands  of  bone  and  sulphur  for  3  inches  above 

blue  band  - -. -  30 

Blue  band  1^ 

Coal,  with  shale  bands  and  considerable  bone  and  dirt 18 

Total  coal  > .-. 84 

Total    impurities    1 J/^ 

Thickness  of  bed ...  85^    inches 

Section  2 — At  face  of  entry  of  4th  east  off  main  north,  1000  feet  from  shaft^ 

Strata  Thickness 

Inches  Inches 

Coal,  bright  - — 40 

Mothe  r  coal ~ 1 

Coal  bright  _ I 

Sulphur     streak   _  \ 

Coal,   bright  _ , 2 

Mother  coal  — - ~ — 1 

Coal,  bright  ~ - _ _  22 

Blue    band    - - ^ 

Coal,  bright  ~ 3 

Blue  band  _ 1 

Coal,  bright ^ 2 

Mother  coal  ~ i 

Coal,  bright  _ _ 1 7 

Total   coal _ _ 90 

Total   impurities   2fi 

Thickness   of   bed 92%   inches 

Measured   thickness   -. 92^  inches 

aMeasured  by  K.  D.  White,  1912. 
^Measured  by  McDonald  and  Stafford.  1912. 
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Section  of  No.  6  coal  in  strip  pit  operated  by  the  Scott  Smith  Coal  Co.,  Duquoin, 

sees.  16  and  17,  T.  6  S.,  R.  1  fF.^ 

Strata  Thickness 

Inches  Inches 

Coal,  few  inches  gone,  rather  hard,  dull,  with  "sulphur"  facings     3 

Charcoal   — — J4 

Coal,    more    bright _. 8 

v^narcoai    ••••..•——— • ..— ..-.^..............—....^.... ....„.._ y^i 

Coal,  more  dull  bands 7}4 

Clay   "sulphur"    parting ^i 

Coal,  alternating  2-inch  bands  of  dull  and  bright  coal 31^4 

Shale,  dark  gray,  blue  band „  1^4 

Coal,   exposed   -. _ 3 

Coal,  unexposed  _ ? 

aMeasured  by  P.  T.  Post  In  SW.  V*  S\V.   Vi  sec.  16,  1925. 

Sections  of  No,  6  coal  in  mine  of  Security  Coal  and  Mining  Co.,  Duquoin. 

sec.  29,  T.  6  S.,  R.  1  W.^ 

Section  1 — In  room  2  off  the  17th  north  off  4th  west  north,  1000  feet  north, 

5000  feet  west  of  shaft 

Strata  Thickness 

Inches  Inches 

Roof:  shale,  gray,  clay 

Coal,  top,  left  for  roof 12 

Coal,  interbedded  bright  and  dull  layers,  "sulphur''  spangles 

and  vertical  seams  of  pyrite - 60 

Mother  coal  — ~ —       Yz 

Coal,  hard,  brilliant - \% 

Blue   band   - - — - - 2 

V'Oai  ..•~.-.— ••••• • ■ ••• ........M....— _~.>..>n ....M.—...   ji^ 

Floor:  gray  underclay 


Total  coal  ^— _.  86^ 

Total   impurities  2 

Thickness   of   bed 88  J4  inches 

Measured   thickness   88  J4  inches 

Section  2 — In  room  8,  south  off  6th  east  south  2500  feet  south  and  2000  feet 

east  of  the  shaft 

Strata  Thickness 

Inches  Inches 

Roof:  shale,  gray,  day 

Coal,  top,  not  mined - —  24 

Coal  with  bright  luster 12 

Mother  coal   and  clay - '4 

Coal,  banded  dull  and  bright - 7 

Mother  coal  — — — ~       J4 

Coal,  bright  with  dull   bands 32% 

Blue    band \% 

Coal   - „..  14% 


Total  coal  — >^ 90% 

Total   impurities   2 

Thickness   of   bed - — -  92%  inches 

Measured   thickness   ~ 92  inches 

aMeasured  by  Schroyer.  1918. 
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WILLIAMSON  COUNTY 

Sections  of  No.  6  coal  in  John  mine,  Carterville  and  Big  Muddy  Coal  Co., 

Carterville,  sec.  33,  T.  8  S„  R,  1  £.« 

Section  1 — Room  10  in  the  main  north  60  feet  from  face 

Strata  Thickness 

Inches  Inches 

Shale 

Coal,    roof   ..- • 20    (approx.) 

Coal  with  stringers  of  pyrite  and  calcite 15 

Mineral    charcoal J4 

Coal   ~ 38 

Pyrite    - y% 

Coal  - 10 

Blue   band,    shale - 1  % 

Coal  — — - -  12 

Pyrite    — - Ya 

Coal  - 10 


Total   coal  __.-. _ 105 Vi 

Total   impurities  1% 

Thickness   of   bed 107  %  inches 

Measured  thickness  (exclusive  of  top  coal) 85 V^  inches 

Section  2 — Cross  cut  25  feet  from  face  of  10th  north  off  14th  "west 

Strata  Thickness 

Inches  Inches 

Shale 

Coal,  roof,  estimated 24 

Coal,  stringers  and  lenses  of  pyrite - 30 

Charcoal - _...       ^ 

Coal  40 

Blue  band,  shale,  and  coal 2 


Total   coal _ _ 115% 

Total   impurities  ~ ^ 2 

Thickness   of   bed... - _ 117%  inches 

Measured  thickness   (exclusive  of  top  coal) _  94  inches 

aMeasured  by  J.  M.  Wilson,  1921. 

Sections  of  No.  6  coal  in  mine  No.  8,  Madison  Coal  Co.,  De^maine, 

sec.  35,  r.  8  S.,  R.  1  £.« 

Section  1 — Face  of  7lh  south  off  main  west 

Strata  Thickness 

Shale  Inches  Inches 

Coal  left  as  roof > >  18     (approx.) 

Charcoal    parting   - 

Charcoal   - -....       % 

Coal  12^ 

Charcoal   ~ 1 

Coal   -  ISYz 

Charcoal   - y^ 

Coal  — - 1654 

Blue  band,  shale — ^ 

Coal  24 


Total  coal  -. 104% 

Total   impurities  % 

Thickness   of   bed 105  inches 

Measured  thickness   (exclusive  of  top  coal) _  89^2  inches 
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Section  2 — Face  of  3rd  south  off  3rd  west 


Strata 


Shale 

Coal  left  as  roof — 

Charcoal  parting 

Coal  

Charcoal   — — 


Coal  with  pyrite  stringers — 
Coal  with  charcoal  partings- 
Coal  — 


Blue  band;  shale  with  coal  stringers. 

Charcoal  

Coal 


Charcoal    (blackjack)    lens. 
Coal   ~ — — — 

Total   coal   — 


Total   impurities 


Thickness   of   bed. 


Thickness 
Inches  imchti 

'  18    (approx.) 


24J^ 

H 
14 

4 

10 

1^ 


.92^ 


Measured  thickness  (exclusive  of  top  coal). 
aMeasured  by  Netzeband,  1921. 


-96^  inches 
79  inches 


Sections  of  No.  6  coal  in  mine  No,  1,  Taylor  Coal  Co.,  Herrin, 

sec.  32,  T.  8  S.,  R.  2  £  o 


Section  1 — ^Third  northwest  room  56 


Strata 


Shale 

Coal  left  as  roof _ 

Coal  with  pyrite  lenses  and  stringers.-- 

^^^  MM  gt  M    ^^^J  ^ft  J  •  * ■  ■  •  ■•■■»■■■  •«*••« *•«•■■  «a*« a ••  ••  ••  •■  *••  ■■■•■■*«•••■  •»■*•■  ■  » ■< w« ■•••••  •  •  • 

Blue  band  — — 

o  u  a  1  e   ~— ...—..— — ............ —.......>._ — ..._......  __.. 

Coal  - 

JL        ^^  %    d    M  ^b  %^  CK  I  ■  >M^B«a^B«B«*»B«  >•      «•■  ■  •       ••       •  **•»     «•■■■•>>««■! 

Total   impurities   

Thickness   of   bed 


Thickness 
Inches  Inches 

-  14     (approx.) 

.  4254 

•       ^ 
.  1654 


*i 


8 


13 


99J4 


Measured  thickness   (exclusive  of  top  coal), 


2H 
102^   inches 
■  87  inches 


Section  2 — Third  southwest  room  50 


Strata 

Shale,  white 

Coal  left  as  roof- 
Coal   ~ 

Charcoal    

Coal  - 

Charcoal   

Coal   

Shale    

Coal  

Shale  and  pyrite.. 


Thickness 
Inches  Inches 

■  14   (approx.) 

■  22V2 

•     1^ 
3 

2 

.  1054 


3 


H 


Vi 
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Coal   with  pyritc  stringers- 14^/2 

Blue  band;  shale  and  pyrite -  1/4 

Coal    - — - 1V2 


Tntal    C€\u\  90% 

Total   impurities   — 3/4 

Thickness   of   bed 94  inches 

Measured  thickness   (exclusive  of  top  coal) 81  inches 

(iMeasured  by  Netzeband,  1921. 

Sections  of  No.  6  coal  in  mine  No.  2,  Sincerity  Coal  Co.,  Marion, 

sec.  34,  T.  8  S.,  R.  2  £.« 

Section  1 — Face  of  the  5th  east  off  the  back  north 

Strata  Thickness 

Inches  Inches 

Coal  left  as  roof 18   (approx.) 

Coal,  stringers  of  pyrite ~ 9 

Charcoal   - —       5^ 

Coal  — * — - 14  6/8 

Charcoal   — — —       J^ 

Coal  ...- - - -- -- 20  4/8 

Shalp  4- /ft 

^^^  %^  A  R  •«■•*•••  ■••  ■■■■■»—  >•**••••  SB  ■  •  >■«  ■•■■•••  •■••  ■  •••  «•■•  *  va  *«  H  ■  ■•»«•••■  ■  ■«■•••■«  ■  *••••  «■*«  >  ■  ■  >••  •■  •  ••••■••«■  *mmtjm  ■*•■  »•«■*«  >■■■■■■■  ■■■  H  ll  ■■■■■■■  ■^■■«  A    J  ^r   /      ^y 

Blue  band;  shale  mixed  with  coal - 1 

Coal  — 22 

Clay 


Total   impurities   ^ 1^ 

Thickness    of   bed _ — 101  %  inches 

Measured  thickness   (exclusive  of  top  coal) 83^^  inches 

Section  2 — Face  of  the  main  north  entry 

Strata  Thickness 

Inches  Inches 

Coal  left^  as  roof 18   (approx.) 

Coal;  joints  filled  with  pyrite — 12 

Coal  14 

Charcoal   — i/^ 

Coal  35  4/8 

Blue  band;  shale  and  coal 2 

Coal  — „ 20 

Clay 


Total    coal    „ ^ 100^ 

Total   impurities  2 

Thickness   of   bed „ 102%  inches 

Measured  thickness   (exclusive  of  top  coal) —  84^  inches 

aMeasured  by  Netzeband,  1921. 
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Sections  of  No.  6  coal  in  the  mine  of  Orchard  Coal  Co.,  Pittsburg, 

sec.  2,  T.  9  S.,  R.  3  £  « 


Section  1— :Room  19  off  the  2nd  north  entry 


Strata 


"Slate"  black 

Coal  with  pyrite  stringers- 

Pyrite  lens  • — 

Pyrite  lens  - 

Coal  — 

Blue  band ;   shale— 


Total   impurities   

Thickness   of   bed 

Measured   thickness 


Inches 

-.    4J^ 

-  32H 
.  20 
'  IIV2 


Thickness 

Inches 


H 


M 


68^ 


•        154 
.-  69%   inches 


69  inches 


Strata 


Section  2 — Face  of  2nd  south  of  main  east 


"Slate"  black 

Coal  ..- 

Pyrite    

Coal  '... 

Charcoal 

Coal  

Pyrite    

Coal  — 

Blue  band ;  shale. 

Coal  

Pyrite    ~. 

Coal - 


Total  coal 


Total   impurities   

Thickness  of  bed. 
aMeasured  by  J.  M.  Wilson. 


Inches 
-  1^ 
.  21 


Thickness 

Inches 


25 


% 


-  13 
1  6 
~  23 


89^ 


% 


1 

90^    inches 
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PART   III 

SPECIAL    AREAS    IN    SOUTHERN    ILLINOIS    IN    WHICH 
EXPLORATION   FOR   COAL   SUITABLE   FOR   OPEN- 
CUT  MINING  IS  RECOMMENDED 

Introduction 

Six  special  areas  crossed  by  the  outcrop  of  No.  6  coal  are  recom- 
mended for  investigation  with  the  view  of  determining  the  availability 
within  them  of  bodies  of  coal  suitable  for  recovery  by  open-cut  mining. 
Xhe  areas  selected  for  consideration  are  not  those  in  which  the  most 
information  is  available  concerning  the  position  of  the  margin  of  the  coal 
bed  or  beds.  In  some  areas  along  the  outcrop  of  No.  6  coal  and  also  of 
No.  5  coal  exploration  in  anticipation  of  development  has  been  thorough 
and  the  position  of  the  coal  bed  explored  can  be  indicated  with  considerable 
accuracy.  General  interest,  however,  is  not  directed  toward  these  explored 
or  developed  areas  but  toward  the  remaining  unexplored  areas.  Although 
the  amount  of  available  information  about  some  of  these  areas  is  unfortu- 
nately small  certainly  its  compilation,  together  with  the  presentation  of  gen- 
eral facts  in  regard  to  the  coals  and  associated  strata,  will  be  of  assistance 
in  directing  the  course  oi  further  investigations  and  explorations. 

The  available  information  in  regard  to  the  areas  selected  for  descrip- 
tion is  assembled  on  Plates  II-VII.  On  each  map  is  indicated  the  outcrop 
of  No.  6  coal  as  closely  as  this  can  be  determined  from  the  data  at  hand. 
Since  all  outcrops,  drill  holes,  mines,  etc.,  are  indicated  by  symbols,  the 
absence  of  such  symbols  implies  that  the  line  of  outcrop  is  simply  the  closest 
approximation  to  accuracy  that  general  information  permits.  The  nature 
of  this  general  information  consists  mainly  of  determinations  in  regard  to 
the  altitude  of  the  coal  at  mines  and  drill  holes  adjacent  to  the  margin 
of  the  bed.  From  a  comparison  of  such  data  can  be  determined  the  general 
slope  of  the  coal-bearing  rocks  in  the  vicinity  of  the  outcrop  of  the  coals. 
The  topographic  maps  available  furnish  information  in  regard  to  the  sur- 
face altitude.  With  the  depth  of  the  coal  at  any  point  near  the  outcrop, 
the  slope  of  the  beds,  and  the  altitude  of  the  surface  all  known,  obviously 
a  close  approximation  to  the  position  of  the  outcrop  can  be  made,  provided 
the  thickness  of  the  unconsolidated  covering  is  not  highly  variable.  The 
variation  in  the  thickness  of  the  glacial  and  alluvial  material  in  fact  pro- 
vides the  greatest  element  of  uncertainty  in  maps  of  this  kind,  and  is  one 
of  the  reasons  why  drilling  along  the  outcrop  must  be  closely  spaced  in 
order  to  "prove"  the  coal  thoroughly  and  convincingly.  In  view  of  the 
consideration  expressed  it  is  hoped  that  the  reader  will  not  regard  the 
maps  as  delineating  facts  established  by  detailed  exploration  but  rather  as 
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simply  indicating  probabilities  and,  to  that  extent,  of  possible  service  in 
directing  exploration. 

The  areas  will  be  considered  serially  from  west  to  east. 

\ 

Area  I 

Special  Area  I  (PL  II)  embraces  a  region  in  northern  St.  Clair 
County  lying  along  the  outcrop  of  No.  6  coal  between  Freeburg  and  the 
vicinity  of  Belleville  and  extending  southward  about  six  miles  from  the 
environs  of  Belleville.  Most  of  the  area  lies  in  T.  1  S.,  R.  8  W.  It 
includes  part  of  each  of  two  quadrangles,  New  Athens  on  the  east,  and 
Waterloo  on  the  west.  The  larger  part  of  the  area  lies  in  New  Athens 
quadrangle. 

The  outcrop  of  No.  6  coal  in  the  part  of  the  area  included  in  the 
New  Athens  quadrangle  is  approximately  as  mapped  by  Shaw.*  The  out- 
crop in  the  remaining  portion  of  the  area  is  extended  from  the  end  of  the 
outcrop  line  in  the  New  Athens  quadrangle  southward  in  a  position  deter- 
mined with  reference  to  a  few  outcrops,  a  small  strip  mine,  scattered  drill- 
ing, and  the  altitude  of  the  surface.  So  far  as  is  known  there  are  no 
outcrops  of  the  coal  at  the  surface  along  the  entire  designated  position  of 
outcrop.  The  line  is  to  be  regarded  therefore  simply  as  an  approximation 
to  the  actual  conditions.  The  coal  lies  buried  beneath  an  overburden  con- 
sisting largely  of  alluvium  to  a  depth  of  20  feet  or  more. 

The  position  of  the  margin  of  the  coal  bed  is  very  largely  determined 
by  the  altitude  of  the  coal  as  it  approaches  the  outcrop  line.  The  altitude 
of  the  coal,  where  it  is  400  feet  or  more  above  sea  level,  is  shown  bv  struc- 
ture  contours  having  an  interval  of  50  feet.  The  position  of  the  400-foot 
contour  is  determined  by  the  altitude  of  the  coal  in  numerous  shafts  along 
the  Illinois  Central  Railroad  and  roughly  parallels  the  line  of  the  railroad. 
Drill  holes  and  mines  located  northeast  of  the  railroad  indicate  a  general 
dip  of  the  coal  in  that  direction  so  that  it  is  probable  that  the  bed  rises  at 
about  the  same  rate  toward  the  southwest,  and  that  its  outcrop  will  have 
approximately  the  position  indicated.  Since  the  surface  northeast  of  the 
position  of  the  400-foot  structure  contour  line  has  everywhere  an  altitude 
exceeding  460  feet,  it  is  apparent  that  the  coal  lies  too  deep  for  open-cut 
mining  in  that  direction.  So  far  as  the  writer  is  aware,  there  has  been  no 
drilling  to  explore  the  margin  of  the  bed  between  Freeburg  and  Belleville. 
It  is  probable  that  examination  of  mine  maps  and  elevations  of  those  mines 
located  close  to  the  designated  position  of  the  outcrop  would  furnish 
definite  information  about  the  actual  position  of  the  outcrop  and  the  depth 
of  the  coal  in  part  of  the  area,  and  so  far  as  possible  such  examination 
should  be  made  if  exploration  of  any  part  of  the  area  is  contemplated. 

iShaw,    E.   W.,   U.    S.   Geol.    Survey   Geol.   Atlas,   New   Athens-Okawville   folio 
(No.  213),  fig.  5,  p.  7,  1921. 
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From  the  data  available,  tracts  in  Area  I  which  appear  to  be  particu- 
larly suitable  for  investigation  are  as  follows:  sec.  11  and  the  N.  Y^  sec. 
14,  T.  1  S.,  R.  8  W. ;  sec.  5  and  the  E.  J^  sec.  6  of  the  same  township. 
The  line  of  designated  outcrop  west  of  Freeburg  in  sees.  24  and  25  indi- 
cates the  coal  as  outcropping  at  an  altitude  between  400  and  450  feet. 
This  signifies  that  the  depth  of  surface  covering  here  is  possibly  as  much 
as  75  feet.  It  is  altogether  probable  that  it  is  actually  much  thinner  than 
this  and  that  therefore  the  margin  of  the  coal  may  lie  as  much  as  a  mile 
farther  west  than  as  indicated.  A  line  of  test  holes  50  to  75  feet  in  depth, 
or  sufficiently  deep  to  penetrate  the  coal  at  approximately  I4"™ile  intervals 
from  the  center  of  sec.  19  to  the  center  of  sec.  23  would  determine  the 
margin  of  the  coal.  It  is  thought  probable,  likewise,  that  the  boundary  is 
mapped  too  far  north  in  the  S.  J4.  Sec.  33,  T.  1  N.,  R.  8  W.,  since  the 
surface  cover  here  is  likewise  indicated  as  about  75  feet  thick.  The  south- 
ward extent  of  the  workings  of  the  Perry  Coal  Company  in  the  SW.  ^ 
sec.  34  would  afford  important  information  in  regard  to  the  bed  in  that 
direction.  Sec.  4,  T.  1  S.,  R.  8  W.,  therefore,  offers  possibilities  of  being 
underlain  by  bodies  of  shallow  coal. 

Area  II 

Area  II  (PL  III)  lies  along  the  outcrop  of  No.  6  coal  from  the  St. 
Clair-Randolph  county  line  northwest  to  the  vicinity  of  New  Athens. 
Within  it  is  included  part  of  each  of  four  quadrangles.  Most  of  the  area, 
like  Area  I,  lies  in  the  New  Athens  quadrangle.  It  crosses  a  corner  of 
Okawville  quadrangle  northeast  of  Marissa.  South  of  New  Athens  and 
Okawville  quadrangles  are  respectively  the  Baldwin  and  Coulterville  quad- 
rangles; the  boundary  passes  through  the  north  part  of  Marissa.  The 
boundary  between  the  Baldwin  and  Coulterville  quadrangles  lies  east  of 
the  larger  part  of  the  town  of  Marissa. 

Geological  field  investigations  have  been  made  in  the  area  included 
in  this  map.  A  map  of  the  geology  of  the  New  Athens-Okawville  quad- 
rangles has  already  been  published^  and  the  outcrop  of  No.  6  coal  as  shown 
by  Shaw  for  the  New  Athens  quadrangle  corresponds  closely  with  the 
outcrop  as  indicated  on  the  map  of  Area  II  (PL  III).  The  outcrop 
within  the  area  of  the  Baldwin  quadrangle  west  and  southwest  of  Marissa 
is  very  much  generalized  and  is  based  on  the  relationship  existing  between 
the  altitude  of  the  coal  at  Marissa,  the  dip  of  the  rock  strata,  and  the 
surface  configuration.  The  position  of  the  outcrop  as  indicated  in  the  New 
Athens  quadrangle  seems  to  rest  upon  no  better  basis,  since  there  are  no 
exposures  or  drill  holes  to  determine  its  position. 

The  map  shows  the  position  of  the  top  of  No.  6  coal  by  25-foot  con- 
tours from  an  altitude  of  350  feet  upwards.     Since  except  immediately 

2Shaw,  E.  W.,  op.  cit. 
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adjacent  to  the  valley  of  Kaskaslda  River  the  surface  has  an  altitude  of 
420  feet  or  more  where  the  coal  is  350  feet  or  below  no  stripping  opera- 
tions can  be  conducted  north  of  the  position  of  the  350-foot  contour.  The 
position  of  the  350-  and  of  the  375-foot  contour  lines  is  determined  ven- 
largely  by  reference  to. the  altitude  of  the  coal  in  the  rather  closely  spaced 
mines  along  the  Illinois  Central  Railroad.  Persons  having  access  to  the 
mine  maps  and  level  data  in  the  mines  can  verify  the  map  or  rectify-  any 
errors  to  the  extent  that  mine  workings  extend  south  of  the  railroad  toward 
the  designated  outcrop. 

The  areas  that  seem  most  favorably  situated  topographically  for  in- 
vestigation lie  between  the  areas  of  alluvium  along  Doza  Creek  and  along 
Kaskaskia  River  at  New  Athens.  The  Dutch  Hill  region  2  miles  west 
of  Lenzburg,  in  sees.  2,  3,  10  and  11,  sec.  13  directly  south  of  Lcnzburg» 
and  sec.  33  south  of  Marissa,  all  in  T.  3  S.,  R.  7  W.,  are  thought  to  merit 
particular  mention.  The  fact  that  No.  6  coal  lies  at  a  depth  of  only  55 
feet  in  the  abandoned  mine  in  sec.  21,  T.  3  S.,  R.  7  W.,  gives  some 
importance  to  the  area  in  sees.  20,  21  and  28  adjacent  to  this  mine.  This 
area  does  not,  however,  appear  to  be  topographically  well  situated.  It  may 
be  generally  assumed  that  where  the  cover  is  less  than  20  feet  the  coal  will 
probably  be  unsuitable  for  recovery. 

Coal  No.  5  is  not  believed  to  be  present  in  this  area,  but  there  is 
need  for  drilling  to  determine  whether  or  not  a  coal  is  present  within  50 
feet  of  No.  6  coal.  In  the  Sparta  region  the  coal  called  No.  5  lies  about 
30  feet  below  No.  6. 

Area  III 

Area  III  is  in  T.  4  S.,  R.  6  W.,  and  lies  adjacent  to  and  northwest 
of  Sparta  (PI.  IV).  It  forms  part  of  the  region  included  in  the  map  of 
the  Sparta-  area  showing  the  structure  of  No.  6  coal  published  by  the 
Survey  in  1926.^  Plate  IV  shows  the  structure  of  No.  6  coal  approximately 
the  same  as  that  given  by  Moulton.  It  will  be  noted,  however,  that  data 
in  regard  to  the  position  of  the  coal  are  indefinite  in  the  north  half  of 
the  area. 

The  outcrop  of  No.  6  coal  can  be  traced  fairly  accurately  from  the 
south  boundary  of  the  area  to  Plum  Creek.  The  limestone  reported  out- 
cropping or  near  the  surface  along  Plum  Creek  in  the  NE.  %  NE.  ]^ 
sec.  27,  T.  4  S.,  R.  6  W.,  is  arbitrarily  correlated  with  the  cap  rock  of 
No.  6  coal.  It  may,  however,  be  the  limestone  between  No.  5  and  No.  6 
coals,  and  if  so,  the  outcrop  of  No.  6  coal  is  drauTi  too  far  west  in  sec.  27. 
From  Plum  Creek  northward  to  the  county  line  no  great  amount  of 
accuracy  can  be  claimed  for  the  outcrop  line.     If  the  altitude  of  the  coal 

sMoulton,  Gail  F.,   Oil   and  gras  possibilities  near  Sparta:  Illinois   State  Geol 
Survey  Press  Bulletin  Series.  Illinois  Petroleum  No.  1.  PI.  I,  pp.  4-5.  April  17.  1926. 
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is  approximately  accurately  mapped  the  line  of  outcrop  as  indicated  cannot 
be  greatly  in  error.  It  is  probable  that  the  line  lies  too  far  to  the  west 
rather  than  too  far  to  the  east.  The  particular  value  of  the  map  north 
of  Plum  Creek  lies  in  the  fact  that  it  indicates  the  approximate  area  in 
which  prospecting  for  coal  lying  at  shallow  depth  might  well  be  conducted. 
This  area  is  bounded  on  the  east  by  the  400-foot  structure  contour.  It  can 
hardly  be  expected  that  strippable  coal  will  be  found  east  of  this  line 
except  possibly  in  a  small  area  on  the  north  side  of  Plum  Creek  in  the 
S.  Yi  sees.  22  and  23.  The  line  showing  the  outcrop  of  the  coal  bounds 
the  area  on  the  west.  The  fact  that  in  this  district  there  are  extensive 
nearly  level  surfaces  possibly  underlain  by  coal  also  lying  nearly  horizontal 
is  particularly  noteworthy.  To  the  writer  it  appears  that  in  view  of  the 
absence  of  rock  outcrops  in  the  region  and  of  drill  holes  and  deep  farm 
wells  exploration  should  be  conducted  by  a  series  of  test  holes  running  west 
approximately  from  the  position  of  the  400-foot  structure  contour  line. 

In  drilling  along  the  margin  of  the  coal  bed  as  indicated  care  will 
need  to  be  exercised  in  the  identification  of  the  coals  encountered.  The 
actual  existence  of  lower  coals  north  of  Sparta  is  uncertain  because  the 
diamond  drill  test  holes  stop  at  No.  6  coal.  The  identity  of  the  coal 
encountered  at  90  feet  in  the  shaft  located  near  the  center  of  sec.  34  is 
uncertain.  The  coal  there  mined  is  reported  to  be  6  feet  thick  and  until 
more  definite  information  in  regard  to  it  becomes  available  it  is  tentatively 
correlated  as  No.  5.  A  bed  of  poor  coal  is  reported  to  have  been  encoun- 
tered at  a  depth  of  293  feet  in  a  well  at  the  creamery  at  Houston.  The 
coal  is  said  to  have  been  4  feet  thick  with  a  clay  band  in  the  middle.  If 
such  a  coal  is  present  at  that  depth  at  Houston,  it  has  the  approximate 
stratigraphic  position  of  No.  2  coal.  From  the  foregoing  statements  it 
w^ill  be  seen  that  the  information  in  regard  to  coal-bearing  strata  below 
No.  6  coal  in  this  region  is  very  indefinite. 

Areas  recommended  for  exploration  in  Area  III  are  as  follows;  sec. 
26,  west  of  the  400-foot  structure  contour;  from  the  road  running  through 
the  center  of  sec.  14  westward  to  the  center  of  sec.  16;  W.  Yi  sec.  10  and 
north  and  east  halves  sec.  9;  sec.  4  and  SE.  J4  sec.  5. 

Area  IV 

Area  IV  lies  in  the  south-central  part  of  Perry  County,  largely  in 
T.  6  S.,  R.  3  W.  (PI.  V).  Four  quadrangles  corner  in  the  northwest 
part  of  the  area:  Coulterville  on  the  northwest,  Pinckneyville  on  the 
north,  Murphysboro  on  the  south  and  Campbell  Hill  on  the  southwest. 

It  will  be  noted  by  inspection  of  the  map  that  No.  6  coal  underlies  a 
considerable  portion  of  the  north  half  of  the  area.  Except  on  the  west 
the  position  of  the  outcrop  is  largely  in  Pinckneyville  quadrangle.     This 
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area  has  not  yet  been  geologically  mapped,  but  a  geological  map  has  been 
published  of  the  Murphysboro  quadrangle^.  Detailed  field  investigations 
have  been  made  in  both  the  Coulterville  and  the  Campbell  HiU  quadrangles 
but  the  results  of  these  investigations  have  not  yet  been  published. 

There  arc  no  outcrops  of  coal  so  far  as  known  at  any  point  along  the 
designated  margin  of  the  bed.  The  drift  conceals  this  margin  so  that  its 
position  can  be  indicated  with  only  approximate  correctness  in  accordance 
with  data  regarding  the  position  and  depth  of  the  coal  or  the  cap  rock 
farther  north,  the  dip  of  the  coal-bearing  beds,  and  the  topographic  con- 
figuration of  the  surface.  Three  drill  holes  are  situated  south  of  the  out- 
crop oi  No.  6  coal.  Along  Galum  and  Little  Galum  creeks  are  a  number 
of  outcrops  of  limestone  reported  by  Worthen'  and  he  also  reports  that 
limestone  was  encountered  at  shallow  depth  in  numerous  farm  wells 
located  between  Galum  Creek  and  Pyatts.  This  limestone  is  thought  to 
be  the  cap  rock  of  No.  6  coal.  There  is  a  shallow  slope  mine  in  sec.  16, 
T.  6  S.,  R.  3  W.  The  coal  has  also  been  mined  in  the  SE.  J4  sec  22, 
T.  6  S.,  R.  4  W.,  and  the  sink  holes  mapped  on  the  Campbell  Hill  sheet 
along  the  north  line  NW.  34  sec.  26  indicate  the  presence  of  an  underlying 
limestone,  probably  the  cap  rock  of  the  coal.  The  limestone  outcrops  along 
Galum  Creek  in  the  E.  J4  sec.  18,  T.  6  S.,  R.  3  W.,  and  along  Little 
Galum  Creek  in  sec.  9  of  the  same  township.  A  slope  or  shaft  located  in 
the  NE.  J4  NW.  J4  sec.  35,  T.  6  S.,  R.  4  W.,  is  thought  to  have  reached 
No.  5  coal  in  view  of  the  probable  altitude  of  No.  6  coal  at  this  place  if 
it  were  present. 

The  surface  in  the  S.  J^  sees.  26  and  27,  T.  6  S.,  R.  4  W.,  is  rather 
deeply  underlain  by  glacial  drift  so  that  the  outcrop  line  is  only  a  rough 
approximation  to  accuracy.  Even  greater  indefiniteness  characterizes  the 
available  information  in  regard  to  the  margin  of  the  coal  bed  in  the  area 
near  Denmark  between  Pipestone  and  Galum  creeks.  Eastward  from 
Galum  Creek  the  line  is  somewhat  more  definitely  established  because  of 
the  occurrence  of  limestone  in  the  wells  along  the  road  west  from  Pyatts 
through  sees.  13,  14,  15,  and  16.  Even  here  the  coal  may  extend  farther 
south  than  is  indicated  along  the  ridges  between  the  streams.  The  strata 
are  nearly  horizontal  and  in  many  places  may  locally  dip  south,  as  they  are 
known  to  do  in  a  similar  position  on  the  east  side  of  Beaucoup  Creek  where 
a  large  area  has  been  prospected  by  the  United  Electric  Coal  Company. 

It  is  thought  that  this  area  contains  large  blocks  of  No.  6  coal  suitable 
for  recovery  by  open-cut  methods.  It  is  believed  that  the  most  favorable 
region  for  investigation  lies  north  of  the  indicated  position  of  the  outcrop 
and  east  of  Little  Galum  Creek.    The  area  between  Pipestone  and  Galum 

4Shaw,  E.  W.,  and  Savagre,  T.  E.,  U.  S.  Geol.  Survey  Geol.  Atlas,  Murphysboro- 
Herrln  folio  (No.  185),  1912. 

BWorthen.  A.  H.,  Geological  Survey  of  Illinois,  vol.  Ill,  p.  91,  1868. 
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creeks  including  sees.  13  and  14  and  the  N.  J4  sees.  23  and  24,  T.  6  S., 
R.  4  W.,  is  also  favorably  situated.  A  smaller  area  recommended  for 
investigation  lies  in  the  N.  y^  sec.  17  and  S.  ^  sec,  8,  T.  6  S.,  R.  3  W., 
between  Galum  and  Little  Galum  creeks. 

The  greatest  difficulty  in  open-cut  mining  in  this  area  will  be  the 
removal  of  the  cap  rock.  In  Perry  and  Randolph  counties  this  stratum 
appears  to  be  thicker  than  it  commonly  is  elsewhere,  and  it  is  probable 
that  the  average  thickness  is  at  least  8  feet. 

Drilling  along  the  margin  of  No.  6  coal  should  be  continued  at  least 
here  and  there  to  a  depth  no  less  than  50  feet  below  No.  6  coal  or  until 
No.  5  coal  is  encountered.  The  character  of  the  surface  south  of  the  desig- 
nated margin  of  No.  6  coal,  particularly  in  sees.  22,  23,  26,  and  27,  T.  6  S., 
R.  3  W.,  is  exceedingly  well  disposed  to  favor  the  recovery  of  a  lower 
coal  if  it  is  present. 

Area  V 

The  fifth  area  recommended  for  special  investigation  extends  six  miles 
east  and  three  miles  south  of  Pinckneyville,  in  Perry  County  (PI.  VI).  It 
lies  entirely  within  the  area  of  the  Pinckne>^ille  quadrangle,  which  has  not 
yet  been  surveyed  geologically.  The  information  w'hich  is  presented  herein 
does  not,  therefore,  represent  the  results  of  special  investigation,  but  is  a 
compilation  of  data  available  in  the  literature  and  in  the  Survey  files. 
Although  it  is  small  in  amount  it  indicates  the  existence  of  coal  at  shallow 
depth  at  a  number  of  places  so  that  the  recommendation  of  the  area  for 
exploration  seems  warranted. 

In  earlier  maps  published  by  the  Survey  and  other  maps  the  outcrop 
of  No.  6  coal  in  this  area  has  been  indicated  at  various  positions.  In  general 
it  has  been  indicated  as  extending  northward  through  the  west  side  of 
sec.  35,  T.  5  S.,  R.  2  W.,  to  the  SW.  cor.  sec.  26,  and  thence  northwest 
to  the  SW.  J4  sec.  22,  where  it  crossed  Panther  Creek.  From  there  it  was 
mapped  as  swinging  southwest  passing  just  north  of"  the  drill  hole  in  the 
SW.  34  sec.  29  and  crossing  the  main  branch  of  Beaucoup  Creek  in  the 
north  half  of  sec.  30,  from  which  point  it  was  continued  southwest  close 
to  the  township  line  at  the  east  side  sec.  36,  T.  5  S.,  R.  3  W.  Information 
now  available  seems  to  indicate  that  erosion  along  Beaucoup  Creek  and  its 
branches  was  by  no  means  so  extensive  as  was  formerly  thought  and  that 
the  outcrop  of  the  coal  lies  much  nearer  the  creek  than  was  suspected,  and 
accordingly  does  not  finger  up  the  valleys  so  far. 

The  Panther  mine,  according  to  information  furnished  by  the  State 
Mine  Inspector,  mines  No.  6  coal  at  a  depth  of  54  feet  in  the  vicinity  of 
Denny,  sec.  33,  T.  5  S.,  R.  2  W.  It  is  probable  therefore,  that  the  margin 
of  the  coal  is  crossed  bv  the  creek  some  distance  below  the  line  of  the  Illinois 
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Central  Railroad  and  that  in  general  the  outcrop  lies  south  of  the  railroad 
rather  than  north  of  it,  at  least  across  sec.  33.  The  outcrop  apparently 
swings  north  across  the  railroad  in  the  N.  ^  sec.  32  and  southward  across 
the  railroad  again  in  the  SE.  %  sec.  30.  Worthen^  in  his  report  on  Perrj 
County  states  that  No.  6  coal  has  been  worked  in  a  ravine  in  sec.  30.  He 
further  states:  "A  half  mile  northeast  of  town  (Pinckneyville)  the  coal 
crops  out  on  the  Beaucoup;  and  several  shafts  have  been  sunk  to  the  coal 

at  this  point There  seems  to  be  an  undulation  in  the  strata  here 

which  brings  the  main  coal  above  the  creek  level,  just  at  the  town,  whQc 
it  dips  below  that  level  above  and  below."  It  will  be  noted  that  the  coal 
lies  at  a  depth  of  29  feet  at  the  Shakerag  mine  in  the  SE.  ^  SW.  ^  sec 
26,  T.  5  S.,  R.  2  W.,  so  that  it  is  possibly  as  much  as  30  to  35  feet  higher 
in  altitude  than  it  is  at  the  Panther  mine.  Since  there  is  apparently  a 
southward  dip  from  near  PinckneyviUe,  at  the  west  side  of  the  area,  and 
apparently  also  a  dip  in  the  same  direction  at  the  east  end  of  the  area  it  is 
thought  the  coal  throughout  the  area  dips  southward  from  an  axis  parallel 
to  the  Illinois  Central  Railroad  lying  a  mile  or  more  northeast  of  the  rail- 
road. Since  a  large  portion  of  this  area  lies  between  400  and  460  feet 
above  sea  level  and  the  slopes  are  very  gentle,  conditions  seem  to  be  par- 
ticularly favorable  for  open-cut  mining  provided  the  coal  is  present  at  the 
shallow  depth  suggested.  The  fact  that  the  cap  rock  in  this  region  is 
relatively  heavy  is  probably  an  advantage  since  it  served  as  a  protection 
against  preglacial  and  glacial  erosion  of  the  coal  bed  itself. 

Exploration  in  this  region  should  be  directed  toward  discovering  the 
altitude  of  the  coal  along  lines  running  north  or  northeast  from  the  rail- 
road, particularly  in  the  interstream  areas.  Since  the  coal  lies  at  shallow 
depth,  its  outcrop  will  doubtless  be  very  irregular,  and  yet  it  is  found  in 
other  places  that  irregularities  in  the  outcrop  of  the  coal  generally  conform 
to  the  present  topography  after  allowance  is  made  for  about  20  feet  of 
fill.  For  this  reason,  inasmuch  as  the  coal  lies  close  to  the  level  of  drainage, 
drilling  should  be  restricted  to  the  divides  until  the  position  of  the  coal  is 
established. 

It  is  not  improbable  that  the  area  in  which  the  coal  lies  at  an  altitude 
of  400  feet  or  more  extends  eastward  beyond  the  boundary  of  the  spedal 
area  for  several  miles,  at  least  through  sec.  24,  T.  5  S.,  R.  2  W.,  and 
sec.  19,  T.  5  S.,  R.  1  W.  There  appears  to  be  a  large  area  suitable  for 
exploration. 

Area  VI 

The  final  special  area  to  be  described  lies  adjacent  to  the  heart  of  the 
Williamson  County  coal  field,  occupying  an  area  lying  between  Herrin, 
Carterville,  and  Marion   (PI.  VII).     The  particular  portion  of  the  area 

«»Worthen,  A.  H.,  Geological  Survey  of  Illinois,  vol.  Ill,  p.  90,  1868. 
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where  exploration  is  recommended  lies  west  of  the  Chicago,  Burlington, 
and  Quincy  Railroad,  that  is  between  the  pit  operated  by  the  Pyramid  Coal 
Corporation  in  sec.  33,  T.  8  S.,  R.  2  E.,  and  Carterville. 

This  area  includes  a  part  of  each  of  four  quadrangles,  namely,  the 
Herrin  quadrangle  on  the  northwest,  the  Carbondale  quadrangle  on  the 
southwest,  the  West  Frankfort  quadrangle  on  the  northeast  and  the  Marion 
quadrangle  on  the  southeast.  The  geology  of  each  of  these  areas,  except 
the  Marion  quadrangle,  has  been  mapped  in  detail  and  geological  maps  of 
the  Herrin  and  Carbondale  quadrangles  have  been  published.^ 

Information  in  regard  to  the  lay  of  No.  6  coal  is  fairly  accurate  in  the 
portion  of  the  area  lying  in  T.  8  S.  Near  the  outcrop,  however,  less  definite 
information  is  available.  The  outcrop  of  both  No.  5  and  No.  6  coals  is 
shown  with  as  much  accuracy  as  possible.  The  outcrop  of  No.  6  coal  is 
probably  more  accurately  indicated  than  that  of  No.  5  coal,  but  since  the 
two  coal  beds  are  only  25  to  30  feet  apart  the  lines  of  outcrop  will  probably 
not  generally  be  separated  more  than  half  a  mile.  Particular  attention  is 
called  to  the  small  anticlinal  fold  exposed  along  the  creek  in  the  SW.  J4 
sec.  6,  T.  8  S.,  R.  2  E.  The  outcrop  of  No.  5  coal  is  swung  north  through 
the  south  half  of  sees.  5  and  6  in  accordance  with  the  probabilities  with 
respect  to  this  minor  structure. 

Areas  recommended  for  exploration  are  particularly  the  E.  ^  sec.  5 
with  respect  to  No.  6  coal,  and  the  S.  J/2  sec.  1,  T.  9  S.,  R.  1  E.,  and  the 
W.  y2  sec.  9  and  the  E.  j4  sec.  8,  T.  9  S.,  R.  2  E.,  with  respect  to  No.  5 
coal.    The  outcrop  of  both  coals  has  been  explored  from  the  line  of  the 
Chicago,  Burlington,  and  Quincy  Railroad  east  nearly  to  Harrisburg,  and 
most  of  the  coal  is  under  option  or  actual  ownership  of  those  interested 
in  open-cut  mining,  so  that  recommendations  for  explorations  do  not  apply 
for  this  portion  of  the  area.     The  writer  wishes  to  call  attention,  how- 
ever, to  the  outcrop  of  No.  5  coal  as  delineated  in  the  eastern  part  of  the 
area,  since  it  has  not  previously  been  mapped  in  this  region.    The  line  is 
established  by  recent  drilling  for  coal  suitable  for  open-cut  mining  in  a 
large  area  adjacent  to  Marion.    The  boundary  of  No.  5  coal  has  not  been 
checked  in  the  field  and  there  is  a  possibility  that  the  southward  extension 
of  the  coal  into  sec.  23  may  be  due  to  the  confusion  of  No.  5  coal  with  a 
lenticular  bed  that  lies  a  short  distance  below  No.  5  in  some  places  in  the 
vicinity  of  Marion.     The  map  is  of  particular  interest  because  it  shows 
the  southward  displacement  of  the  outcrop  along  the  fault  zone  in  sec.  10. 
Attention  may  well  be  directed  to  the  occurrence  of  a  body  of  coal 
adjacent  on  the  east  to  that  owned  by  the  Pyramid  Coal  Corporation  and 
the  Carbon  Fuel  Company,  lying  in  the  NW.  yi,  sec.  34,  T.  8  S.,  R.  2 

TShaw  E  W.,  and  Savage,  T,  E.,  U.  S.  Geol.  Sur\'ey  Geol.  Atlas,  Murphysboro- 
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E.  It  will  be  noted  that  the  altitude  of  the  coal  varies  from  425  feet 
along  the  south  line  of  sec.  34  to  about  375  along  the  north  line.  The 
surface  slopes  in  the  same  direction  but  more  gently  than  the  coaL  In 
this  region  the  cap  rock  is  generally  thin  or  absent,  or  25  feet  or  more 
above  the  coal  and  the  rock  cover  therefore  would  offer  less  difficult}'  in 
its  removal  than  is  commonly  the  case. 

Other  Areas 

There  remain  for  consideration  two  areas  of  relatively  small  size 
located  along  the  outcrop  of  No.  5  and  No.  6  coals  in  southern  Illinois 
beneath  which  are  bodies  of  coal  under  shallow  cover.  These  will  be 
considered  in  the  order  of  their  geographic  position  from  east  to  vrest. 

The  first  area  lies  on  the  west  side  of  the  Illinois  Central  "cut-off" 
near  the  Williamson-Saline  county  line  in  sees.  35  and  36,  T.  9  S.,  R.  4 
E.,  and  in  sec.  2,  T.  10  S.,  R.  4  E.  The  underlying  coal  is  No.  5,  and 
its  margin  has  been  traced  partly  across  Saline  County  to  the  Williamson 
County  line  by  Harrisburg  interests.  The  outcrop  of  the  coal  probably 
passes  west  through  the  south  quarter  of  sec.  36,  swings  south  and  then 
west  again  through  the  SE.  J^  sec.  35  and  the  north  half  of  sec.  2.  In 
the  west  half  of  sec.  2  the  cover  is  heavy  close  to  the  outcrop.  There  is 
probably  between  100  and  150  acres  of  coal  available  in  this  tract  and  it 
lies  very  close  to  transportation. 

A  much  larger  tract  than  that  just  described  is  to  be  found  along  the 
outcrop  of  No.  6  coal  west  of  Hallidayboro  in  Jackson  Count}'.  This 
tract  occupies  a  position  lying  between  the  tracts  developed  on  the  north 
by  the  Black  Servant  Coal  Company,  and  on  the  south  by  the  Fors>-th 
Coal  Company.  In  an  area  largely  confined  to  the  W.  J4  sec.  36  and  the 
SW.  J4  sec.  25,  T.  7  S.,  R.  2  W.,  and  the  NW.  %  sec.  1,  T.  8  S.,  R.  2 
W.,  the  coal  lies  at  an  altitude  of  375  feet  or  above,  and  the  surface  has 
an  altitude  of  between  400  and  420  feet.  It  is  possible  that  coal  may 
extend  southwest  into  the  E.  J4  sec.  2,  T.  8  S.,  R.  2  W.  Drilling  along 
the  margin  of  No.  6  coal  should  seek  to  discover  the  position  of  No.  5 
coal  since  it  seems  probable  that  it  is  recoverable  by  stripping  in  sees.  26 
and  35,  T.  7  S.,  R.  2  W.,  and  2,  T.  8  S.,  R.  2  W.  That  No.  5  coal  may 
be  present  also  at  shallow  depth  in  sec.  7,  T.  8  S.,  R.  1  W.,  south  of  the 
area  occupied  by  the  Forsyth  Coal  Company,  seems  probable. 

SUPPLEMENTARY  DATA  ON  THE  COAL  AREA  IN  WILLIAMSON   COUNTY 

Since  the  writing  of  this  report,  additional  information  has  been  ob- 
tained on  an  area  of  coal  under  light  cover  in  sec.  36,  T.  9  S.,  R.  4  E.,  and 
in  sec.  2,  T.  10  S.,  R.  4  E.,  Williamson  County.  This  area  lies  along  the 
Williamson   and   Saline  countv   line  near   the  southeast  corner  of  Crab 
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Orchard  and  the  northeast  comer  of  Stonefort  townships.  The  right  of 
way  of  the  Edgewood-Metropolis  division  of  the  Illinois  Central  Railroad 
lies  along  the  east  side  of  the  area.  The  nearest  town,  Carrier  Mills,  is 
3y2  miles  east  on  the  Big  Four  Railway. 

The  area  is  included  in  the  Harrisburg  topographic  quadrangle,  and 
the  mapping  of  the  geology  was  incident  to  the  preparation  of  a  geological 
map  of  that  quadrangle.  The  writer  is  especially  indebted  to  his  assistant, 
Mr.  Lloyd  G.  Henbest,  for  the  field  data  and  the  compilation  of  the  map 
(PI.  VIII). 

About  246  acres  of  coal  is  thought  to  be  present  in  the  area  under  a 
cover  whose  thickness  has  a  ratio  of  8  to  1  with  respect  to  the  thickness  of 
the  coal,  and  an  additional  325  acres  under  a  cover  with  a  ratio  of  10  to  1. 
The  total  tonnage  available  at  an  average  thickness  of  4j4  feet  of  coal  is 
about  41/^  million  tons. 

The  outcropping  coal  is  No.  5,  the  same  bed  which  is  extensively 
mined  at  Harrisburg,  Eldorado,  and  elsewhere  in  Saline  County.  It  is  an 
excellent  quality  of  Illinois  coal.  The  cover  of  the  coal  is  mainly  shale, 
and  glacial  drift  or  alluvium.  Where  the  cover  is  less  than  8  to  1,  it  con- 
sists of  about  one-half  unconsolidated  material  and  one-half  shale;  where 
the  cover  is  heavier,  the  drift  rarely  exceeds  20  feet.  In  some  places,  a  thin 
bed  of  limestone  one  to  two  feet  thick  is  found  in  the  shale  at  various  dis- 
tances above  No.  5  coal. 

The  northern  boundary  of  the  strippable  area  is  placed  at  the  outcrop 
of  a  thin  coal,  called  "5^^"  or  "5A"  (possibly  the  equivalent  of  the  Briar 
Hill  coal  of  Kentucky®),  which  lies  50  to  60  feet  above  No.  5  coal  and 
about  the  same  distance  below  No.  6  coal. 

No.  5  coal  in  this  area  is  at  least  4^^  feet  thick,  and  at  several  places 
is  reported  as  4  feet  8  inches  thick.  Its  attitude  is  nearly  horizontal.  Prob- 
ably small  local  flexures  will  be  found  to  be  of  more  importance  than  the 
general  regional  northward  dip  in  affecting  the  depth  of  overburden. 

Plate  VIII  indicates  the  area  recommended  for  testing  and  also  shows 
the  locations  of  coal  outcrops  and  other  field  data  listed  in  Table  4.  It 
will  be  noted  that  the  district  recommended  has  three  divisions:  (1)  an 
area  where  the  cover  has  a  ratio  of  8  to  1  with  respect  to  the  thickness  of 
the  coal;  (2)  an  area  where  the  ratio  is  between  8  to  1  and  10  to  1 ;  and 
(3)  an  area  south  of  the  designated  outcrop  of  No.  5  coal  within  which 
there  may  be  patches  of  the  coal.  The  line  marking  the  outcrop  of  No.  5 
coal  can  be  indicated  only  in  a  general  way.  Possibly  in  places  it  lies 
slightly  north  and  in  other  places  south  of  the  designated  position.  In  the 
tonnage  estimates  that  have  been  made,  possible  bodies  of  coal  south  of  the 
indicated  position  of  the  outcrop  of  No.  5  coal  were  not  included.     The 

8Lee,  Wallace.  Geology  of  the  Kentucky  part  of  the  Shawneetown  quadrangle : 
Kentucky  Geol.  Survey,  p.  33,  1916. 
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most  desirable  body  of  coal,  shown  by  the  shaded  portion  on  Plate  V^Ill, 
probable  underlies  the  eastern  part  of  the  area  where  the  ratio  of  the  over- 
burden to  the  coal  is  less  than  8  to  1. 

About  40  acres  of  strippable  coal  was  reported  to  be  under  option  in 
this  tract  at  the  time  the  data  were  collected  in  June,  1927. 

Table  ^.—Surface  data  collected  in  sees.  35,  36,  T.  9  S„  R.  4  E.;  sec.  31, 
T.  9  S.,  R.  5  E.;  sec,  6,  T,  10  S.,  R,  5  E.;  sees.  1,  2,  3,  T.  10  S.,  R.  4  E. 

Numbers  correspond  to  the  numbers  on  the  map   (PI.  VIII). 

Sec.  35,  T.  9  S.,  R.  4  E.  (Williamson  Count>') 
Map  No. 

1.  Outcrops  of  No.  5A  coal  and  of  shale. 

2.  No.  5A  coal,  10  to  15  feet  below  surface  in  shallow  well. 

3.  No.  5  coal  at  Will  Hill  drift  mine.     Surface  altitude  at  mouth  about  450  feet. 

Altitude  of  top  of  coal  445  feet.       Slight  southard  dip.        Coal  4  feet  S 
inches  thick. 

4.  Two  shallow  wells. 

Sec.  36,  T.  9  S.,  R.  4  E.  (Williamson  County) 

1.  Outcrop  of  No.  5A  coal. 

2.  No  coal  in  shallow  well. 

3.  Outcrop  of  No.  5A  coal. 

4.  Outcrop  of  black  slate  near  limestone  horizon. 

5.  Water  well — exact  location  uncertain.       Surface  altitude  440  feet.     27  feet  lo 

top  of  No.  5  coal.    Drilled  through  6  feet  of  coal  without  penetrating  bed. 
(Part  of  the  6  feet  may  be  black  slate.) 

6.  No  information. 

7.  Drill  hole:    No.  5  coal  at  33  feet;  over  4  feet  thick. 

8.  Drill  hole:     No.  5  coal  at  17  feet;    3  feet  7  inches  thick. 

9.  Probably  no  coal. 

10.     Drill  hole:     probably  no  coal. 

Sec.  31,  T.  9  S.,  R.  5  E.   (Saline  County) 

1.  Outcrop  of  No.  5 A  coal  in  cut. 

2.  Drill  hole:  No.  5  coal  at  65  feet. 

3.  Drill  hole:     No  coal  to  51  feet. 

4.  Probably  no  coal;    shallow  well,  about  15  feet. 

Sec.  6,  T.  10  S.,  R.  5  E.  (Saline  County) 
1.     No  coal  in  well ;  10  to  20  feet  deep. 

Sec.  1,  T.  10  S.,  R.  4  E.  (Williamson  County) 

1.  Shaly  sandstone  struck  in  water  well.     No  coal  at  12  feet. 

2.  Drilled  water  well ;  5  feet  of  coal  reported  struck  at  165  feet.     This  is  prob- 

ably No.  2  coal.  • 

3.  Well  at  approximately  this  location;    21  feet  deep  with  20  inches  of  coal  a*. 

bottom.     Probably  thin  coal  between  No.  2  and  No.  5  coals. 

4.  Well ;  no  coal. 

5.  Drilled  water  well  50  feet  deep;    no  coal. 

Sec.  2,  T.  10  S.,  R.  4  E.  (Williamson  County) 

1.  Outcrop  of  shale.     Coal  in  wash,  probably  from  No.  6  coal  outcropping  on 

the  hill  to  the  north. 

2.  Struck  No.   5A  coal  in  bottom  of  16-foot  well  in  barn  lot. 
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3.  Outcrop  of  sandstone  in  road. 

4.  Outcrop  of  shale  in  road. 

5.  Old  stripping;    No.  5 A  coal. 

6.  Well  20  feet  deep  in  roof  shale  of  No.  5  (?)  coal. 

7.  Old  prospect  shaft  for  lead.     Coal  penetrated  at  about  20  feet. 

8.  Outcrop  of  limestone  over  blue  shale. 

9.  Outcrop  of  shale. 

10.  Drill  hole;  coal  reported  at  33  to  36  feet. 

11.  Outcrop  of  shale. 

12.  Exposure  of  glacial  till. 

13.  Outcrop  of  soft  sandstone. 

14.  Exposure  of  glacial  till. 

15.  Outcrop  of  soft  shaly  sandstone. 

16.  Shallow  well;    no  coal. 

17.  Shallow  well;    no  coal. 

18.  Well  40  feet  deep;    no  coal. 

19.  Well  in  barn  lot  15  to  20  feet  below  the  house.      About  35  feet  deep;  said 

to  have  encountered  coal. 

20.  Well  20  feet  deep;  no  information. 

21.  W^ell  dug  mostly  in  clay;    15  to  20  feet  deep. 

Sec.  3,  T.  10  S.,  R.  4  E.  (Williamson  County) 

1.  Exposure  of  glacial  till. 
2,  3.  Wells;    no  coal. 

4.  Farm  well  in  shale;    no  coal. 

5.  Shallow  wells;    not  certain  whether  coal  was  encountered. 

6.  Outcrop  of  shale  and  limestone. 

7.  Well;  no  coal. 

8.  Drill  hole  about  30  feet  deep;  no  coal. 

9.  Well  12  feet  deep  in  till. 
10.  Exposures  of  glacial  till. 
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COAL  STRIPPING  POSSIBILITIES  IN  SALINE  AND 
GALLATIN  COUNTIES  NEAR  EQUALITY 

By  Lloyd  G.  Henbest 

INTRODUCTION 

In  Saline  and  Gallatin  counties  within  a  short  distance  of  the  town 
of  Equality  are  several  areas  underlain  by  coal  at  shallow  depths.  The 
various  tracts  include  about  6000  acres  and  represent  a  total  of  more 
than  40,000,000  tons  of  coal.  Although  mining  companies  have  owned 
the  deeper  coal  for  several  years,  but  little  interest  has  been  taken  in 
the  possibility  of  recovery  of  the  coals  along  their  outcrops  by  open-cut 
mining.  Examination  shows,  however,  that  conditions  for  coal  recovery 
are  probably  as  favorable  as  they  are  in  other  regions  where  strip- 
mining  methods  have  been  successfully  employed. 

In  the  area  of  this  report,  five  tracts  which  are  descrifjcd  separately 
are  recommended  for  prospecting.  Two  tracts  of  No.  6  coal  and  one 
of  No.  5  lie  north  of  the  Cottage  Grove  fault,  and  one  tract  each  of 
Xos.  5  and  6  coal  lies  to  the  south  of  the  fault. 
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hurg.  For  information  about  coal  near  Equality  the  writer  is  indebted 
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1  other  reports  on  coal  stripping-  possibilities  in  Illinois  are: 

Culver,  H.  E.,  A  preliminary  report  on  coal  stripping  possibilities  in 
Illinois-  Illinois  State  Geol.  Survey  Mining  Investigations  Series  Bull. 
28,  1925. 
Cady.  Gilbert  H.,  Coal  stripping  possibilities  in  southern  and  south- 
western Illinois:  Illinois  State  Geol.  Survey  Mining  Investigations  Series 
Bull.  31,  1927. 
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he  and  Mr.  Hugh  Murray,  also  of  Equality,  have  been  collecting  f  -- 
several  years. 

The  rest  of  the  geologic  data  were  obtained  from  farm  wells,  l<vi-' 
coal  mines,  and  outcrops  of  coal  beds  or  of  rocks  that  have  a  know:: 
position  relative  to  the  coal  beds.  There  are  but  few  outcrops  in  the 
area  of  this  report. 

The  geologic  information  is  summarized  on  the  map  (  Plate  1 
and  in  the  Table  of  Field  Data,  pages  18-26. 

TOPOGRAPHY^ 

The  areas  recommended  for  testing  are  mostly  lowlands  l)orderi:ii: 
Saline  River  and  its  tributaries.  Those  portions  of  the  tracts  risir.j 
above  the  lowland  are  low,  rolling  hills.  In  the  hills  the  bedrock  i< 
close  to  the  surface,  but  in  most  of  the  lowland  tracts  the  bedrock  ir 
deeply  buried  under  alluvium. 

The  alluvial  plains  lie  at  elevations  l)etween  340  and  380  feet.  Tin 
average  water  level  at  the  junction  of  North  Fork  and  Saline  River 
is  estimated  at  about  330  feet.  The  gradient  of  Saline  River  is  low. 
causing  a  slow  run-off.  Sudden  and  heavy  rains  occasionally  RiXMl  ilie 
lowlands  to  a  shallow  depth,  but  only  exceptional  floods  such  as  that 
of  1913  would  seriously  interfere  with  strip  mining  in  any  of  the  area> 
recommended  for  testing.  With  proper  i)recautions  all  danger  fn-rii 
floods  could  readily  be  avoided.  Among  the  lowland  areas,  those  nmsr 
favorable  for  open-cut  mining  are  least  endangered  by  possibility  of 
inundation. 

GENERAL  GEOLOGY 

Stratigraphy^ 

The  rocks  exposed  in  the  vicinity  of  Equality  belong  to  two  quite 
different  groups  of  rock  formations.  The  lower  group  is  the  coal- 
bearing  or  Pennsylvanian  system  and  the  upper  or  mantle  rock  beIoTii:> 
to  the  Pleistocene  (glacial)  and  Recent  systems. 

The  Pennsylvanian  rocks  are  much  the  older  and  are  subdividi'i 
into  the  Pottsville,  Carbondale,  and  McLeanstoro  formations,  namtrt! 


2  The  areas  doscribod  are  Included  in  the  south  part  of  EHdorado  quadrangle 
and  the  north  part  of  Kquality  quadrangle  topographic  maps  which  may  be  ol- 
tained  for  ten  cents  each  by  addressrinp  a  request  to  the  Chief,  State  Geolopical 
Survey,  Urbana,  Illinois,  or  to  the  Director,  U.  S.  Geological  Survey,  Washingtf^n, 
D.  C. 

8  The  Pennsylvanian  rocks  are  described  in  greater  detail  in  the  following  re- 
ports: 

Ca<iv.  O.  H.,  Coal  resources  of  District  V:  Illinois  State  Geol.  Survey  Coal  Min- 
ing Investigations   JivAl.   19.    1919. 

Butts,  Charles,  (Jeology  and  mineral  resources  of  the  Equality- Shawnee  town 
aiea:  Illinois  State  Geol.  Survey  Bull.   47,  1925. 
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ill  the  order  of  deposition.  The  Pennsylvanian  rocks  are  mostly  shales 
and  sandstones  but  include  beds  of  limestone,  clay,  and  coal.  Numerous 
coal  beds  exist  throughout  the  Pennsylvanian  strata,  but  only  a  few  are 
thick  enough  to  be  mined  under  present  economic  conditions.  In  the 
vicinity  of  Equality  the  thickest  beds  of  coal  are  in  the  Carbondale 
formation.  The  Herrin  (No.  6)  coal  is  at  the  top  and  the  Harrisburg 
(No.  5)  coal  is  110  to  120  feet  below  the  top  of  the  formation.  The 
Herrin  coal  is  locally  known  as  "No.  7"  and  the  "Bench  Coal''. 

The  mantle  rock  of  the  region  is  alluvium  which  varies  greatly  in 
thickness  and  comiX)sition,  depending  upon  the  topographic  position 
of  the  deposits.  In  the  valleys  the  alluvium  is  composed  of  gravel, 
sand,  clay,  and  possibly  some  loess,**  in  various  associations.  The  thick- 
ness is  greatest  in  Saline  River  valley  south  and  southwest  of  Equality 
where  in  places  it  exceeds  100  feet.  The  mantle  rock  in  the  upland 
and  hilly  tracts  is  mostly  loess  but  consists  partly  of  residual  clay,  sand, 
and  gravel  derived  by  weathering  processes  from  the  Pennsylvanian 
rocks.  The  loess  has  an  average  thickness  of  about  10  feet,  though  in 
some  places  it  may  be  as  much  as  20  feet  thick. 

Igneous  Rocks 

Igneous  dikes  have  been  encountered  in  coal  mines  near  Harco, 
Carrier  Mills,  Harrisburg,  and  Eldorado.  The  only  dike  known  within 
this  area  was  encountered  in  Mine  No.  6  of  the  Saline  County  Coal 
Corporation  at  the  west  side  of  sec.  35,  T.  8  S.,  R.  7  E.  It  trends 
N.  20° ±  W.,  and  has  been  traced  about  three-fourths  of  a  mile  in  this 
mine.  Apparently  the  same  dike  was  penetrated  in  Mine  No.  8  of  the 
O'Gara  Coal  Company  in  the  SW.  J4  sec.  22,  T.  8  S.,  R.  7  E. 

The  dikes  commonly  are  accompanied  by  little  or  no  vertical  dis- 
placement; however,  they  may  be  associated  with  the  system  of  faults 
that  are  nearly  parallel  to  them  although  the  dikes  and  faults  are  not 
known  to  be  so  associated. 

The  dike  in  Mine  No.  6  is  about  8  feet  thick  (exclusive  of  minor 
extensions)  at  the  base  of  the  coal  bed,  but  widens  out  to  about  20 
feet  at  the  top  of  the  coal.  The  dike  probably  does  not  greatly  exceed 
these  dimensions  at  any  place.  The  zone  of  altered  coal  is  not  more 
than  25  feet  wide. 

No  surface  exposures  of  dikes  have  been  found  in  Saline  and 
Gallatin  counties  north  of  the  hills  although  efforts  have  been  made 
to  discover  them  above  places  where  they  have  been  encountered  in 


4  lyoess  is  a  wind-transported,  ocher-yellow  silt  that  commonly  contains  fossil 
snail  shells. 
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coal  mines.    The  dike  rock  is  thought  to  be  very  deeply  weathered.  ^ 
opinion  supported  by  the  composition  of  similar  rock  exposed  in  Hare 
County. 

If  dikes  exist  in  the  areas  recommended  for  prospecting^,  t'>- 
probably  are  too  deeply  weathered  and  too  narrow  to  affect  strip-", 
operations  seriously. 

Structure 

The  rock  layers  in  most  of  the  area  are  inclined  northward  5<  : 
100  feet  per  mile  but  local  variations  occur  near  faults. 

An  anticlinal  structure  in  the  NW.  J4  T.  9  S.,  R.  7  E.,  lies  '-:- 
tween  Grayson,  Cottage  Grove,  and  Equality  and  is  terminated  on  r' 
south  by  the  Cottage  Grove  fault.     The  anticlinal  structure  is  indica:-. 
by  the  altitude  of  the  coal  in  several  wells  and  by  the  dip  of  the  c- 
in  the  mine  at  Grayson.    The  outline  of  the  anticline  is  delineateil  far! 
well  by  the  northward  swing  of  the  outcrop  of  No.  6  coal  (PL  I).    T!  . 
steepest  dip  is  toward  the  north. 

The  Cottage  Grove  fault  is  supix)sed  to  be  about  12  miles  ln:\. 
extending  from  near  Equality  through  a  mine  north  of  Harrislnir:; 
The  maximum  displacement  is  in  sees.  14  and  15,  T.  9  S.,  R.  7  E..  whtr. 
No.  6  coal  is  displaced  vertically  185  feet  between  two  points  about  3 ' ' 
feet  apart.  This  displacement  causes  a  rej^etition  of  the  outcrop  of  X  • 
6  coal  north  and  south  of  the  fault. 

A  fault  was  encountered  near  the  center  of  the  E.  Yz  sec.  i^^^  T.  8  S . 
R.  7  E.,  when  the  main  east  entry  was  being  driven  for  !Mine  Xo.  'j 
of  the  Saline  County  Coal  Corporation,  but  it  is  not  known  to  exttr: '. 
to  the  line  of  outcrop.  The  downthrow  is  said  to  be  on  the  east  ar. ! 
the  displacement  is  reported  as  12  feet. 

AREA  1 
No.  6  Coal  North  of  Equality 

LOCATION  AND  TRANSPORTATION  FACILITIES 

North  of  Equality  and  east  of  the  Louisville  and  Nashville  Rail- 
road (PI.  I),  in  sees.  1  and  2,  T.  9  S.,  R.  7  E.,  and  in  sees.  3  to  :< . 
T.  9  S.,  R.  8  E.,  is  about  2400  acres  of  No.  6  coal  in  which  the  over- 
burden is  less  than  ten  times  the  thickness  of  the  coal.  An  additio:i:il 
1000  or  more  acres  of  coal  has  an  overburden  ten  to  fourteen  times  the 
thickness  of  the  coal. 
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Two  railroads  are  near  the  tract  recommended  for  prospecting. 
The  Louisville  and  Nashville  Railroad  crosses  the  west  end  of  the  area 
as  mentioned  above  and  the  Shawneetown  division  of  the  Baltimore  and 
Ohio  Railroad  which  extends  from  Beardstown  to  Shawneetown  is 
about  two  miles  from  the  east  end.  No  place  in  the  tract  is  more  than 
three  miles  from  a  railroad. 

THICKNESS   AND  CHARACTER  OF  THE   COAL 

No.  6  coal  in  this  tract  is  thought  to  have  the  common  thickness 
of  4J/2  feet.  This  is  the  thickness  reported  for  two  drill  holes  in  sec. 
1,  T.  9  S.,  R.  7  E.,  and  for  two  drill  holes  in  sec.  4,  T.  9  S.,  R.  8  E. 
One  drill  hole  in  the  former  section  is  reported  to  have  passed  through 
4  feet  10  inches  of  coal.  Estimates  of  the  strip-coal  resources  of  this 
area  are  based  on  an  assumed  thickness  of  4}4  feet. 

In  most  of  the  area  the  coal  is  probably  well  preserved  from  the 
effects  of  weathering  by  a  covering  of  shale  which  separates  the  coal 
from  the  limestone  cap  rock  and  the  porous  sandstone  above.  This 
sandstone,  because  of  its  ix)rosity,  does  not  protect  the  coal  from  weath- 
ering^  as  does  the  shale,  especially  where  the  hard  rock  cover  is  only  a 
few  feet  thick. 

A  water  well,  not  shown  on  the  map,  and  a  test  boring  for  No.  6 
coal  in  the  NW.  ji  sec.  9,  T.  9  S.,  R.  8  E.,  located  about  500  to  600 
feet  apart  in  a  north-south  direction,  are  both  reported  to  have  en- 
countered decayed  coal.  The  l)elt  of  weathered  coal  is  thought  to  be 
exce])tionally  wide  here  because  the  sandstone  extends  to  or  nearly  to 
the  top  of  the  coal  and  cuts  out  the  usual  shale  cover.  At  the  exposure 
of  No.  6  coal  in  the  bed  of  North  Fork,  Saline  River,  NE.  J4  sec.  9, 
T.  9  S.,  R.  8  E.,  the  sandstone  lies  directly  upon  the  coal.  Here,  how- 
ever, the  sandstone  is  thick  and  the  coal  appears  to  be  well  preserved. 

THICKNESS  AND  CHARACTER  OF  THE  OVERBURDEN 

The  overburden  in  the  upland  and  intermediate  tracts  is  mostly 
loess.  The  usual  thickness  of  the  loess  is  10  to  IS  feet  but  it  may  vary 
considerably.  East  of  North  Fork,  Saline  River,  the  loess  is  widely 
distributed  and  probably  composes  a  large  part  of  the  alluvium.  In 
the  lowlands  the  upper  10  to  30  feet  of  the  overburden  is  alluvium. 

The  lower  portion  of  the  overburden  is  consolidated  rock.  Sand- 
stone composes  about  one-third  to  two-thirds  and  limestone  and  shale 
the  rest  wherever  the  cover  of  solid  rock  is  less  than  40  feet  thick. 
The  shale  is  more  or  less  sandy.  The  limestone  varies  up  to  six  feet 
thick,  averaging  about  three  feet.     The  limestone  is  close  above  the 
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a  ATofi  vory  unrortain. 

b  To  the  noaroHt  thousand. 


r>  Cndy,   OIll)ort  II.,   Thp   areal   creolopy  of  Saline  County:   Trans.   Illinois  Stit^ 
Acad.   Scl.,   vol.    19,   pp.   250-273.   192C. 
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AREA  2 
No.  6  Coal  North  of  the  Cottage  Grove  Fault 

LOCATION  AND  TRANSPORTATION  FACILITIES 

North  of  the  Cottage  Grove  fault  and  west  of  the  Louisville  and 
Nashville  Railroad  is  a  tract  of  1400  to  1500  acres  where  the  over- 
burden is  less  than  50  feet  thick.  This  area  is  in  sections  2,  3,  9,  10,  11, 
and  14,  T.  9  S.,  R.  7  E.,  Saline  County.  The  belt  of  shallow  coal  is 
al^out  three  miles  long  and  half  a  mile  wide. 

The  whole  tract  lies  within  three  miles  of  the  Louisville  and 
Nashville  Railroad.  The  west  end  of  the  tract  is  three  and  a  half  miles 
from  the  Cleveland,  Cincinnati,  Chicago,  and  St.  Louis  Railroad,  Cairo 
division. 

THICKNESS  AND   CHARACTER  OF  THE   COAL 

No.  6  coal  is  4  to  5  feet  thick  in  this  area,  the  average  is  probably 
4  feet  8  inches.  Coal  of  this  thickness  will  provide  8000  tons  per  acre 
if  it  is  entirely  recovered.  At  the  abandoned  Davis  mine,  near  the 
center  of  the  NE.  }i  SW.  %  SE.  yi  sec.  10,  T.  9  S.,  R.  7  E.,  two  thin 
clay  seams  were  reported  to  be  present  in  the  coal.  Records  of  drilling 
in  the  area  do  not,  however,  indicate  the  presence  of  important  clay 
seams  in  the  coal.  Even  the  characteristic  "blue  band''  which  ordinarily 
lies  about  one  foot  above  the  bottom  of  the  coal  seam  is  not  recorded, 
although  it  is  probably  present. 

There  appears  to  be  no  available  information  about  the  chemical 
character  of  No.  6  coal  in  this  general  region,  but  it  is  supposed  to  be 
somewhat  higher  in  ash  and  sulfur  than  No.  5  coal  which  is  more  com- 
monly mined  in  the  Equality-Cottage  Grove  region. 

THICKNESS  AND  CHARACTER  OF  THE  OVERBURDEN 

• 

The  character  of  the  overburden  varies  greatly  because  the  present 
land  surface  does  not  correspond,  except  in  a  general  way,  to  the  sur- 
face of  the  hard  rocks  below  the  alluvium  and  yellow  silt;  therefore, 
in  the  absence  of  records  from  closely  spaced  test-borings,  it  is  im- 
possible to  make  accurate  estimates  of  the  kind  and  the  amount  of 
overburden.  The  overburden  where  less  than  eight  times  the  thickness 
of  the  coal  consists  on  the  average  of  about  one-third  clay  and  silt,'  one- 
half  shale  and  sandstone,  and  one-sixth  limestone  and  "slate".  On  the 
uplands  a  considerable  part  of  the  limestone  cap  rock  is  probably  sep- 
arated into  blocks,  due  to  solution  by  ground- water  along  joint-cracks. 
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Such  blocks  could  probably  be  removed  without  much  blastinor.     ' 
cap  rock  is  thought  to  be  exposed  in  a  ditch  in -the  SE.  J4  SE.  ^.  >.-. 
T.  9  S.,  R.  7  E.    In  the  Davis  mine,  mentioned  above,  the  black  "^ 
or  shale  roof  of  the  coal  bed  contains  large  concretions   or  "nii:: 
heads".    The  weathered  limestone  and  the  concretionary"  shale  mak. 
poor  roof   for  shallow  subsurface  mining.     The  maximum   thick 
of  the  first  bed  of  sandstone  above  the  coal  as  shown  bv  drill  rec  ' 
is  25  feet,  and  the  minimum  thickness  recorded  is  less  than  15  : - 
The  sandstone  is  poorly  cemented  and  not  very  hard. 

Where  the  overburden  of  hard  rock  exceeds  40  feet  a  second  li- 
stone  and  sandstone  occur.    The  second  limestone  is  probably  the  lb'  • 
ston  Creek  limestone  of  the  Harrisburg  region.     This  limestone  is  v 
but  is  persistent  in  certain  localities.     It  may  be  observed  in  outer 
along  the  road  near  the  center  W.  }4  sec.  9,  T.  9  S.,  R.  7  E..  wri- 
the base  of  the  overlying  sandstone  is  also  exposed.    The  full  thick:  t- 
of  the  upper  sandstone  is  possibly  as  much  as  1 5  feet.    It  is  thouirht  * 
be  lenticular  and  would  probably  not  be  encountered  everj-where  i:i  t' 
same  thickness. 

ESTIMATE   OF   RESOURCES 

The  area  underlain  by  No.  6  coal,  in  which  the  overburden  is  Ic  • 
than  eight  times  as  thick  as  the  coal,  is  estimated  at  about  970  act- 
and  the  coal  resources  are  about  8,000,000  tons.  In  addition  tlxr- 
are  about  500  acres  in  which  the  overburden  is  between  eight  and  ic. 
times  the  thickness  of  the  coal  and  in  which  the  coal  resources  are  ai^  :' 
4,000,000  tons. 

AREA  3 

No.  6  Coal  South  of  the  Cott-\ge  Grove  Fault 

Attention  has  alreadv  been  directed  to  the  extension  of  No.  6  c  :' 
south  of  the  Cottage  Grove  fault  and  west  of  Equality  as  shown  t. 
Plate  I.  Most  of  this  coal  is  known  to  be  concealed  beneath  a  thic!-; 
cover  of  alluvium,  but  small  areas  were  found  that  have  an  overbiirkr. 
less  than  eight  times  the  thickness  of  the  coal. 

location  and  transportation  facilities 

The  outcrop  of  No.  6  coal  extends  through  sees.  14  to  22,  T.  9  S.. 
R.  7  E.,  and  sec.  13,  T.  9  S.,  R.  6  E.,  but  neither  of  the  small  area- 
of  strippable  coal  extends  into  sees.  13  and  14  (PL  I). 

The  areas  are  two  to  four  and  a  half  miles  from  the  Louisville  an<i 
Nashville  Railroad  and  are  four  to  five  miles  from  the  Cleveland,  Cin- 
cinnati, Chicago  and  St.  Louis  Railroad,  Cairo  division. 
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THICKNESS  AND   CHARACTER  OF  THE  COAL 

The  thickness  of  the  coal  ranges  from  4  to  5  feet.  An  excep- 
tional thinness  of  29  inches  was  reported  in  sec.  18,  but  it  is  probable 
that  the  average  thickness  is  4j/2  feet.  The  estimates  of  resources  are 
based  upon  that  thickness. 

THICKNESS  AND  CHARACTER  OF  THE  OVERBURDEN 

Where  the  overburden  is  less  than  50  feet  thick  about  two-fifths 
of  it  is  composed  of  yellow  silt  and  alluvium  and  the  rest  is  hard  rock. 
The  hard  rock  consists  of  a  lenticular,  cross-bedded  sandstone,  0-25 
feet  thick,  averaging  10  feet;  limestone  0-6  feet  thick,  averaging  3-4 
feet ;  and  shale.  The  sandstone  is  notably  variable  in  thickness  and 
probably  also  in  hardness.  The  presence  and  character  of  the  sandstone 
can  not  be  predicted  except  by  systematic  exploration  with  a  drill.  The 
limestone  is  absent  in  some  places  and  may  be  absent  where  the  sand- 
stone is  thickest. 

ESTIMATE  OF  RESOURCES 

In  sees.  17,  18,  19,  and  20,  T.  9  S.,  R.  7  E.,  it  is  estimated  that 
there  are  about  240  acres  of  No.  6  coal  where  the  cover  is  less  than  35 
feet  thick.  The  thickness  of  No.  6  coal  is  assumed  to  be  4^4  feet, 
which  makes  7965  acre-tons  of  coal ;  therefore  the  amount  for  240  acres 
is  almost  2,000,000  tons.  In  the  same  vicinity  about  185  acres  of  coal 
lie  at  a  depth  of  35  to  45  feet.  The  total  resources  of  this  area  are 
almost  1,500,000  tons.  The  total  estimate  of  all  the  coal  at  a  depth 
of  less  than  45  feet  is  about  3,400,000  tons. 

In  sees.  15,  16,  21,  and  22,  is  an  area  of  100  acres  where  the  cover 
over  No.  6  coal  is  less  than  35  feet  thick,  and  120  acres  where  it  is 
between  35  and  45  feet  thick.  Under  the  100-acre  area  there  are  about 
796,000  tons  of  coal.  Under  the  120-acre  area  there  are  about  956,000 
tons.  The  total  resources  of  the  area  recommended  for  testing  then  are 
about  1,750.000  tons.  The  figures  for  the  acreage  are  considered  to  be 
nearer  a  maximum  than  a  minimum  estimate. 

AREA  4 
No.  5  Coal  South  of  the  Cottage  Grove  Fault 

LOCATION 

In  sees.  19,  20,  21,  and  22,  T.  9  S.,  R.  7  E.,  No.  5  coal  outcrops 
under  the  thick  alluvium  of  the  Saline  River  valley.  The  line  of  outcrop 
is  shown  on  Plate  I. 
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THICKNESS  AND   CHARACTER  OF  THE  COAL 

The  usual  thickness  of  the  coal  is  from  4  to  5  feet.    An  except! 
thickness  of  8  feet  was  found  in  one  test  hole  located  in  sec.  21,  T.  \^ :: 
R.  7  E.,  but  in  sec.  19  twp  tests  showed  res|)ectively  only   12  and  - 
inches.    These  wide  diflPerences  have  been  disregarded  and  the  estimarr- 
of  tonnage  given  below  are  based  on  an  assumed  average  thickness    : 
43/2  feet  or  7965  acre-tons. 

THICKNRSS  AND  CHARACTER  OF  THE  OVERBURDEN 

The  overburden  is  nowhere  less  than  ten  times  the  thickness  of  '!:i 
coal  and  only  in  a  very  small  area  is  the  ratio  less  than  12:1.  AS:: 
450  acres  of  coal  are  overlain  by  an  overburden  less  tlian  twenty  ii:i:v> 
the  thickness  of  the  coal. 

The  cover  is  composed  mainly  of  alluvium.  At  the  south  mar^  1 
of  coal  No.  5  the  alluvium  is  90  to  120  feet  thick,  and  the  same  thicknc.-- 
probably  continues  northward  excq:)t  near  the  low  hills  that  stand  a> 
islands  of  Pennsylvanian  rocks  in  the  surrounding  alluvium.  Wherever 
the  coal  remains  covered  by  the  original  rocks  it  is  probably  of  ^r  ■  ' 
quality,  because  the  roof  shales  of  the  coal  are  almost  impervious  : 
water.  No  very  hard  rocks  exist  in  the  450-acre  tract,  if  the  n^n*  i> 
of  the  usual  kind. 

ESTIMATE  OF  RESOURCES 

The  coal  present  beneath  the  450-acre  tract  in  the  S.  J4  sees.  1^'^ 
20,  and  21  is  estimated  to  be  over  3,500,000  tons.  Most  of  the  qkkI 
is  owned  by  the  O'Gara  Coal  Company. 

AREA  5 
No.  5  Coal  North  of  the  Cottage  Grove  Fault 

LOCATION  AND  TRANSPORTATION  FACILITIES 

Due  to  the  anticlinal  structure  in  the  NE.  y^  T.  9  S..  R.  7  E., 
described  on  i)age  10,  No.  5  coal  probably  rises  nearly  to  the  surface 
in  the  central  ix>rtion  of  sees.  12  to  14,  and  in  sec.  18.  T.  9  S.,  R.  8  E. 
The  area  is  crossed  bv  the  Louisville  and  Nashville  Railroad. 

THICKNESS   AND   CHARACTER  OF  THE   COAL 

The  thickness  and  character  of  the  coal  can  be  predicted  only  on 
the  basis  of  records  of  tests  and  mining  operations  in  adjacent  areas. 
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From  this  informaton  the  coai  is  estimated  to  be  between  4  and  5  feet 
tlaick.  It  is  possible  that  the  coal  in  parts  of  this  area  may  be  much 
fractured  and  affected  by  igneous  activity  and  faults. 

THICKNESS  AND  CHARACTER  OF  THE  OVERBURDEN 

The  absence  of  any  reliable  sources  of  information  within  the 
tract  makes  it  impossible  to  predict  accurately  the  thickness  and  char- 
acter of  the  overburden.  Judging  by  adjacent  areas  where  the  condi- 
tions are  well  known,  most  of  the  overburden  is  thought  to  be  alluvium 
and  the  rest  shale.  There  are  probably  no  thick  sandstones  or  lime- 
stones where  the  cover  of  Pennsvlvanian  rocks  is  less  than  30  feet 
thick.  The  total  thickness  of  the  overburden  is  probably  not  less  than 
35   feet  at  any  place. 

ESTIMATE  OF   RESOURCES 

It  appears  possible  that  there  are  300  to  600  acres  of  coal  at  a 
depth  of  less  than  60  feet  in  this  areii.  If  the  supposition  is  correct, 
the  resources  of  shallow  coal  are  from  2,000,000  to  5,000,000  tons. 

Due  emphasis  should  be  placed  on  the  fact  that  in  estimating  the 
resources  and  position  of  No.  5  coal  in  this  tract  no  direct  or  reliable 
information  about  the  coal  was  obtainable.  The  structure  and  position 
of  No.  5  and  No.  6  coals  in  the  adjacent  areas  are  almost  the  only  basis 
for  recommending  the  testing  of  this  tract. 
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THE  FUNCTION  OF  RESEARCH  IN  INDUSTRY 

By  Milo  S.  Ketchum  ^ 

INTRODUCTION 

In  the  summer  of  1928  when  in  London,  I  visited,  among  many 
other  interesting  places,  the  British  Museum.  The  industrial  exhibits 
in  this  museum  indicate  that  the  ancients  were  well  versed  in  many  of 
the  industrial  arts  and  that  many  of  the  ancient  artisans  were  especially 
skillful.  The  ceramic  industries  were  especially  well  represented.  Due 
perhaps  to  the  fact  that  the  knowledge  of  these  arts  was  in  a  few  hands, 
the  knowledge  was  lost  with  the  passing  of  the  individuals  possessing 
the  information. 

The  development  of  industrial  nations  has  been  largely  due  to  a 
revival  of  the  arts  and  crafts  and  the  application  of  science  and  inven- 
tion. In  a  great  measure,  the  industrial  activity  in  Great  Britain  was 
due  to  a  knowledge  of  the  methods  of  manufacturing  steel  and  iron, 
Portland  cement,  and  the  other  materials  used  in  machines  and  struc- 
tures. 

In  the  beginning,  most  of  the  research  was  carried  on  by  the  indi- 
vidual industries,  and  the  results  of  course  were  used  by  the  industries 
for  private  gain.  As  the  industries  developed,  however,  it  was  found 
profitable  to  carry  on  the  investigations  through  the  cooperation  of  the 
members  of  a  group  of  industries,  either  in  public  or  private  laboratories. 

Research  investigations  may  be  of  several  kinds.  Each  manufac- 
turer has  production  problems  which  are  of  special-interest  to  him  alone. 
These  he  can  best  solve  in  his  own  plant.  There  are  other  problems 
that  are  of  peculiar  importance  to  the  entire  industry.  These  include 
the  development  of  equipment,  standards  of  quality  and  workmanship, 
and  they  can  best  be  conducted  on  a  cooperative  basis. 

DEVELOPMENT  OF  ENGINEERING  RESEARCH 

In  the  United  States,  engineering  research  investigations  are  now 
being  carried  on  in  the  laboratories  of  many  of  the  industries,  in  private 
commercial  laboratories,  by  the  federal  government  in  such  laboratories 
as  the  Bureau  of  Standards,  in  state  laboratories,  in  the  laboratories  of 
state  universities,  and  in  privately  endowed  colleges  and  universities. 

*  Dean  of  the  Collejfe  of  Engineering  and  Director  of  the  Engineering  Experiment  Sta- 
tion, University  of  Illinois. 
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The  first  engineering  colleges  in  the  United  States  were  virtual!} 
liberal  arts  colleges  with  a  few  subjects  covering  the  art  and  science  oi 
engineering.  As  a  result  of  the  Morrill  Act,  Land  Grant  colleges  ami 
universities  were  established  in  practically  every  state  in  the  Union, 
and  in  these  institutions  the  engineering  curriculum  was  given  a  place 
comparable  with  that  of  liberal  arts  and  agriculture.  With  the  engineer- 
ing college  as  a  separate  entity,  engineering  research  has  developed  in  a 
wonderful  way  in  Land  Grant  and  state  institutions. 

The  first  regularly  organized  engineering  experiment  station  Avas 
established  at  the  University  of  Illinois  on  December  8,  1903.  In  19CU 
an  engineering  experiment  station  was  established  at  Iowa  State  Colkijc. 
The  number  of  engineering  experiment  stations  has  increased  ven 
rapidly  since  that  time  and  there  are  at  present  thirty-six  engineering 
experiment  stations  in  land  grant  institutions.  In  addition,  there  arc  a 
number  of  engineering  experiment  stations  in  state  universities  which 
are  not  land  grant  institutions,  and  a  considerable  number  of  engineer- 
ing experiment  stations  are  in  endowed  colleges  and  universities. 


WORK  OF  AX  KNCilXRKRING  EXPERIMENT  STATION 

Scope  of  Work 

An  engineering  experiment  station  in  a  state  university  must  carry 
on  its  investigations  for  the  benefit  of  industry  and  ultimately  for  the 
benefit  of  the  public.  This  limitation  naturally  restricts  many  of  the 
investigations  that  can  be  undertaken  by  these  experiment  stations.  At 
the  University  of  Illinois  in  all  cooperative  investigations,  the  L'niver- 
sity  reserves  the  right  to  carry  on  the  investigations,  in  its  own  way 
with  assistants  employed  by  the  University.  It  also  reserves  the  right 
of  publication,  and  all  inventions  and  discoveries  belong  to  the  Uni- 
versity. 

In  carrying  on  engineering  research,  it  is  oftentimes  necessary  to 
develop  new  processes  and  new  methods.  If  the  scientific  knowledge  at 
hand  is  inadequate,  it  may  be  necessary  to  undertake  investigations  in 
pure  science  in  order  that  the  problem  can  be  solved. 

Engineering  research  differs  from  so-called  "pure"  research  in  that 
the  principal  aim  of  the  former  is  to  solve  some  definite  problem. 
Ordinarily,  engineering  research  is  conducted  on  a  somewhat  larger 
scale  than  research  in  pure  science.  If  the  methods  or  knowledge  avail- 
able in  pure  science  is  not  sufficient  for  our  purpose  in  engineering  re- 
search, new  methods  and  new  data  must  be  obtained.  In  many  cases, 
this  makes  it  necessary  to  carry  on  very  extensive  investigations  in  the 
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field  of  pure  science.  For  example,  in  the  investigation  of  fissures  in 
steel  rails  now  in  progress  at  the  University  of  Illinois,  it  has  been 
necessary  to  develop  a  new  method  for  the  mathematical  analysis  of  the 
stresses  in  the  head  of  the  rail. 

When  structures  and  machines  were  of  simple  character,  a  knowl- 
edge of  the  common  physical  properties  of  steel  was  adequate  for  de- 
sign and  construction,  but  with  the  tremendous  increases  in  require- 
ments in  modern  industry,  in  pressures,  speeds,  temperatures,  and 
similar  essentials,  this  elementary  knowledge  of  properties  of  materials 
became  quite  inadequate. 

For  several  years  Professor  11.  F.  Moore  at  the  University  of 
Illinois  has  carried  on  investigations  in  the  fatigue  phenomena  of 
metals,  which  has  been  financed  by  the  Engineering  Foundation,  the 
General  Electric  Company,  and  several  other  companies.  The  results 
of  Professor  Moore's  investigation  have  given  the  Engineering  Expe- 
riment Station  and  Professor  Moore  world-wide  recognition.  One  of 
the  faculty  of  the  University  of  Liverpool  spent  more  than  a  year  in 
Professor  Moore's  laboratory,  and  last  year  a  professor  from  the  Uni- 
versity of  Budapest  spent  several  months  working  under  the  direction 
of  Professor  Moore. 

Cooperation  with  Industries 

Although  it  is  necessary  that  the  permanent  staff  of  an  engineering 
experiment  station  be  supported  by  the  state  or  by  the  institution,  it  is 
not  possible  to  carry  on  all  the  needed  lines  of  investigation  in  the 
Engineering  Experiment  Station  without  the  cooperation  of  the  indus- 
tries. At  the  present  time,  the  State  of  Illinois  is  furnishing  nearly 
$100,000  for  the  support  of  the  Engineering  Experiment  Station,  but 
in  addition  to  this,  more  than  $150,000  a  year  is  being  furnished  by 
various  industries  to  carry  on  36  special  cooperative  investigations 
which  are  of  especial  value  to  them.  These  investigations  are  carried 
on  with  a  staff  of  men  working  on  full  time,  with  many  others  working 
on  part  time. 

Training  of  Research  Workers 

The  research  graduate  assistants  at  the  University  of  Illinois  are 
part-time  workers,  whose  services  are  invaluable  in  the  work  of  the  Sta- 
tion and  whose  training  on  these  investigations  under  famed  inves- 
tigators is  invaluable  to  themselves.  They  are  appointed  for  two  years 
and  give  one-half  their  time  to  research  and  one-half  their  time  to  grad- 
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uate  study.  More  than  one  hundred  of  these  research  graduate  as- 
sistants have  completed  their  work  and  have  received  either  the  degree 
of  Master  of  Science  or  of  Doaor  of  Philosophy.  These  men  have  been 
uniformly  successful  and  are  now  occupying  positions  of  responsibility 
with  the  industries,  in  research,  and  with  educational  institutions.  Al- 
though" the  results  of  the  various  researches  carried  on  in  the  Engineer- 
ing Experiment  Station  of  the  University  of  Illinois  have  been  of  great 
value  to  the  industries,  there  is  little  question  but  that  the  men  trained 
in  the  Station  have  been  worth  a  great  deal  more  than  the  data  ob- 
tained in  the  investigations. 

Publication  of  Results  of  Research 

The  results  of  the  research  investigations  in  the  Engineering  Ex- 
periment Station  of  the  University  of  Illinois  are  given  in  more  than 
two  hundred  bulletins  and  circulars  published  by  the  University.  These 
bulletins  cover  investigations  of  materials,  including  cement,  steel,  and 
ceramic  materials,  and  many  others  on  problems  pertaining  to  the  min- 
ing industry. 

Two  of  the  early  bulletins  published  in  cooperation  with  the  State 
Geological  Survey  appeared  in  the  very  early  days  of  the  Engineering 
Experiment  Station,  one  "Investigation  of  the  Fire  Clay  of  the  State,*' 
by  R.  C.  Purdy  and  F.  W.  DeWolf,  was  published  in  1906,  and  the  sec- 
ond, "Paving  Brick  and  Paving  Brick  Clays  of  Illinois,"  by  A.  N.  Talbot, 
I.  O.  Baker,  C.  W.  Rolfe,  and  R.  C.  Purdy,  was  published  in  1908. 

As  early  as  1911,  the  Engineering  Experiment  Station  cooperated 
with  the  federal  Bureau  of  Mines  and  the  Illinois  State  Geological  Sur- 
vey Division  in  carrying  on  research  in  the  coal  resources  of  the  State. 
In  1926  the  Bureau  of  Mines  withdrew  from  this  cooperative  arrange- 
ment, but  the  Geological  Survey  and  the  Engineering  Experiment  Sta- 
tion are  still  cooperating  on  these  very  important  problems. 

As  a  result  of  this  cooperation,  a  great  many  valuable  bulletins 
have  been  published  on  the  coal  resources  of  Illinois.  Nine  bulletins 
and  nine  technical  papers  have  been  issued  by  the  U.  S.  Bureau  of 
Mines.  Twenty-three  bulletins  have  been  published  by  the  Geological 
Survey  Division,  and  twenty-one  by  the  Engineering  Experiment  Sta- 
tion. Several  of  the  more  recent  bulletins  published  by  the  Engineering 
Experiment  Station  on  the  cooperative  mines  work  are:  No.  158  "The 
Measurement  of  Air  Quantities  and  Energy  Losses  in  Mine  Entries," 
by  A.  C.  Callen  and  C.  M.  Smith,  No.  170  "The  Measurement  of  Air 
Quantities  and  Energy  Losses  in  Mine  Entries,"  Part  II,  by  A.  C 
Callen  and  C.  M.  Smith,  No.  184  "The  Measurement  of  Air  Quantities 
and  Energy  Losses  in  Mine  Entries,"  Part  III,  by  A.  C.  Callen  and  C 
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M.  Smith,  No.  196  "An  Investigation  of  the  Friability  of  Different 
Coals,"  by  C.  M.  Smith,  No.  199  *The  Measurement  of  Air  Quantities 
and  Energy  Losses  in  Mine  Entries,"  Part  IV,  by  C.  M.  Smith. 

The  publications  of  the  Engineering  Experiment  Station  include 
many  other  bulletins  besides  the  coal  mining  bulletins,  which  are  doubt- 
less of  interest  to  the  mineral  industries.  For  instance :  "The  Thermal 
Conductivity  of  Fire  Clay  at  High  Temperatures,"  "Dissolved  Gases  in 
Glass,"  "The  Viscosities  and  Surface  Tensions  of  the  Soda-Lime-Silica 
Glasses  at  High  Temperatures,"  "An  Investigation  of  the  Translucency 
of  Porcelains,"  "The  Measurement  of  the  Permeability  of  Ceramic 
Bodies,"  "A  Study  of  Hard  Finish  Gypsum  Plasters,"  "The  Thermal 
Expansion  of  Fireclay  Bricks,"  "A  Laboratory  Furnace  for  Testing 
Resistance  of  Firebrick  to  Slag  Erosion." 

In  conclusion,  may  I  express  our  very  great  appreciation  of  the 
sympathetic  support  and  able  cooperation  of  the  State  Geological  Sur- 
vey Division  which  we  have  always  enjoyed  in  our  joint  investigations 
of  the  coal  mining  problems  in  Illinois.  We  trust  that  the  work  has 
been  mutually  profitable  and  that  it  will  continue  indefinitely  under  the 
same  pleasant  arrangement,  to  the  great  benefit  of  both  geology  and 
engineering. 


A  MINING  ENGINEER'S  VIEW  OF  THE  FUTURE  OF 
ILLINOIS'  COAL  INDUSTRY  FROM  THE 
STANDPOINT  OF  RECOVERY 

By  John  A.  Garcia  ^ 

PURPOSE  AND  SCOPE  OF  THIS  ARTICLE 

It  is  the  purpose  of  this  discussion  to  submit  the  opinion  of  a  Min- 
ing Engineer  as  to  how  the  Geologist  may  best  serve  the  coal  mining 
industry  in  planning  his  schedule  of  research  or  investigation  for  the 
next  several  decades.  The  idea  was  prompted  by  the  realization  that 
the  rapid  depletion  of  those  seams  of  coal  in  Illinois  whose  character- 
istics, from  the  standpoint  of  both  combustion  and  mining,  lead  to  im- 
mediate exploitation,  w^ill  soon  bring  up  the  problem  of  substitution 
when  these  better  coals  are  exhausted. 

COAL  RESOURCES 

Because  of  our  wasteful  mining  system  it  is  estimated  that  the  120 
billion  tons,  more  or  less,  of  coal  under  the  prairies  of  Illinois  will  last 
only  about  375  years,  but  our  best  seams  have  a  much  shorter  life  if 
present  mining  and  combustion  methods  are  continued. 

From  Bulletin  15  of  the  Cooperative  Agreement  ^  we  find  the  avail- 
able coal  from  the  No.  6  seam  in  District  No.  VI  to  be  about  five  bil- 
lion tons  at  a  56  per  cent  extraction,  and  Bulletin  No.  19  ®  cites  in  Dis- 
trict No.  V  a  total  of  about  three  billion  tons  at  60  per  cent  extraction 
for  both  No.  5  and  No.  6  coals.  Those  two  districts  embrace  FranHin, 
Williamson,  Jeflferson,  Saline  and  Gallatin  Counties,  an  area  from 
which  comes  the  coal  generally  considered  to  be  of  the  highest  quah't}' 
in  the  State.  The  combined  available  coal  resources  of  the  two  dis- 
tricts is  approximately  eight  billion  tons. 


^  Allen  and  Garcia   Company,  Chicago. 

•  Cadv,  G.   ir.  Coal  Resources  of  District  VI  :   Illinois  State  Geol.  Survey,  Coop.  Min 
ing  Series'  Rnll.   13.   1916. 

■  Cady,  G.   H.,   Coal   Resources  of  District  V:     Illinois  State  Geol.   Survey,  Coop.  Min- 
ing Series   Bull.    19,   1919. 
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The  low  sulphur  area  in  Franklin  County  was  opened  up  in  1904 
and  the  production  mounted  rapidly  through  the  years  until  today  it  is 
one  of  the  leading,  if  not  the  leading  county  in  the  output  of  Illinois  coal. 
The  decline  in  production  from  longwall  mines  coincided  with  the  in- 
crease from  the  thick  seam  district,  as  might  be  expected  when  the 
difference  in  mining  cost,  as  well  as  quality,  is  considered,  but  the  shift 
in  production  was  so  rapid  and  radical  that  the  whole  economic  structure 
of  the  industry  was  changed. 

The  following  table  illustrates  this  history-making  epoch  in  Illi- 
nois mining  and  indicates  clearly  the  intensive  exploitation  of  our  best 
coals : 


Table  1. — Coal  production  in  La  Salle  and  Franklin  counties,  showing  the 

southward  shift  in  production 


La  Salle  County 

Franklin  County 

Tons  Produced 

Tons  Produced 

1904 

1,773,000 

None 

1910 

1,302,000 

2,071,000 

1915 

1,274,000 

7,324,000 

1920 

865,000 

11,300,000 

1925 

641,000 

13,082,000 

1929       (approximately) 

334,000 

14,720.000 

EXTRACTION 

The  mining  conditions  in  La  Salle  and  Franklin  Counties  are,  of 
course,  totally  different.  In  La  Salle  County  coal  No.  2  is  about  3 J^  feet 
thick  and  is  worked  by  the  longwall  method  of  mining,  whereas  in 
Franklin  County  the  No.  6  seam  averages  9  feet  in  thickness  and  is 
worked  by  the  room-and-pillar  or  panel  system.  The  percentage  of  ex- 
traction for  La  Salle  may  be  taken  at  95,  but  for  Franklin  County  No. 
6  seam  it  varies  from  40  to  50. 

The  following  figures  on  coal  losses  and  extraction  are  summarized 
from  the  tables  presented  by  C.  A.  Allen'*  and  were  compiled  after  a 
comprehensive  and  systematic  survey  by  the  Commission : 


*  Allen,  A.  C,  Coal  losses  in  Illinois;   Illinois  State  Geol.   Survey,  Coop.   Mining  Series 
Bull.  30,  1925. 
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Tablk  2. — Summary  of  coal  losses  in  Illinois 


Peoria 

Central 

Spring 

South- 

Saline 

Dan- 

Ijon^- 

Keascjfi 

and 

&  Belle- 

field 

em 

Count V 

\'ille 

%a:! 

for  \j)^s 

Fulton 

ville 

No8.  5 

III. 

No.  5 

Nos.  6 

No.  : 

Coal 

No.  6 

and  6 

No.  6 

and   7 

No.  5 

Percent  Percent  Percent  Percent  Percent  Percent 

Pcrctrnt 

Left  as  roof  and  bottom 

Fraction 

Fract'.i.n 

coal 

None 

0  7 

of  1 

7 

None 

None 

of  1 

Room.  entr>'  and  panel 

pillars 

Oil  and  ( jas-well  pillars 

35 

1  43  0 

44 

41 

3S 

32 

None 

None 

None 

None 

None 

None 

Nontr 

Bldg.   R.K.  and  boun- 

Fraci'u'M 

dary  pillars 

0.8 

1 

of  1 

M  i  n  i ng  and  preparat ion 

loss 

3 

2.7 

4 

3 

3 

4 

5 

Rolls,  thin  or  dirty  coal, 

■ 

faults,  streams,  etc. . 

15 

53 
2S 

0.3 

3 

1 

53 
36 

5 

7 

None 

TOTAL  LOSS 

47.5 
26.0 

51 
26       • 

,     46 

31       ' 

43 
13 

5 

Avoidable  Loss 

0 

Possible  to  extract .... 

75 

77  to  80 

75       ■ 

83 

'     85 

80 

Averaf^e  present  extrac- 

1 

t  ion 

47 

52.5 

49 

47 

54 

57 

95 

Illinois — Exclusive  of  Longwall  Field 

Average  Extraction   50.3  per  cent 

A vcraKe  Loss 49.7  per  cent 

100.0  per  cent 

Avoidable  Loss  32     per  cent 

Possible  to  Extract 82      per  cent 


If  this  32  per  cent  were  saved,  the  depletion  charge  on  coal  acreage 
would  decrease  about  25  per  cent — enough  to  pay  for  surface  rights  in 
most  sections  of  Illinois. 

Although  this  table  indicates  only  a  small  variation  of  from  47  to  >7 
per  cent  extraction  in  the  different  districts  employing  the  room-and- 
pillar  method,  the  fact  is  that  a  much  wider  range  exists  between  indi- 
vidual mines  and  even  districts.  The  calculations,  or  estimates,  made 
by  the  authors  of  the  many  publications  examined  by  the  writer  were 
probably  as  accurate  as  possible  considering  the  many  varying  factors 
involved  in  the  problem  and  the  meager  data  available,  but  the  figures 
were  all  compiled  from  operating  or  live  mines  and  one  very  large 
source  of  lost  coal  was  not  considered ;  that  is,  the  abandoned  acreage 
in  mines  that  fail,  for  one  reason  or  another,  to  reach  what  might  be 
termed  the  economic  limit  of  assigned  acreage.    There  are  many  such 
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abandoned  mines  in  Illinois  and  Indiana  and  most  of  them  leave  strips 
or  tracts  of  coal  acreage  beyond  the  faces  that  cannot  be  worked  from 
other  mines,  as  shown  in  Figure  1. 


Fig.  1.    Showing  abandoned  mines  and  lost  boundary  coal. 


Probably  the  best  way  to  secure  reliable  data  on  extraction  per- 
centages is  to  make  an  accurate  survey  of  a  mine  when  abandoned, 
planimeter  the  meandering  line  of  the  working  face  for  acreage  de- 
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Fig.  2.    Workings  of  an  abandoned  mine  illustrating  lost  coal  areas  due  to 

non-systematic  layout  and  squeezes. 


pleted  and  take  the  hoisting  record  for  tons  produced.  From  these  basic 
data  can  then  be  calculated  the  tons  per  acre  extracted  and  the  loss  of 
boundary  coal.    By  systematic  measurements  in  all  parts  of  the  mine  a 
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fair  average  thickness  of  the  seam  may  be  arrived  at  which  would  per- 
mit of  calculating  within  reasonable  limits  the  actual  percentage  of  ex- 
traction over  the  whole  period  of  the  mine's  life,  which  is  the  real  base 
to  use  when  figuring  extraction.  It  may  be  stated  here  that  in  the 
writer's  experience  very  few  room-and-pillar  mines  in  Illinois,  of  any 
size,  have  averaged  throughout  the  life  (or  over  a  substantial  period  of 
years)  an  extraction  of  56  per  cent  which  is  the  "rule  of  thumb"  figure 
used  in  this  section  of  America  and  reached  by  the  simple  rule  of  1,000 
tons  per  foot  per  acre.  Close  examination  and  inspection  of  many  prop- 
erties for  the  purpose  of  making  engineer's  reports  for  financing,  places 
the  percentage  at  an  average  of  less  than  50  and  in  some  of  the  most 
ambitious  operations  in  Illinois,  near  40.    (See  Fig.  2.) 


REASONS  FOR  LOW  EXTRACTION  PERCENTAGES 

There  are  some  excuses,  but  many  good  reasons  why  the  coal 
operator  of  Illinois  loses  more  than  half  his  acreage  in  winning  the  coal. 
Mismanagement,  carelessness,  and  ignorance  account  for  only  a  small 
part  of  the  total  loss,  for  the  Illinois  mining  man  ranks  near,  or  at  the 
top,  of  the  list  as  to  competency  and  application.  The  economic  and 
labor  conditions,  however,  together  with  the  necessity  of  producing  coal 
at  an  extremely  low  cost  forces  him  to  forget,  or  at  least  defer,  the 
day  when  he  may  establish  systematic  pillar  drawing  or  "robbing." 

To  keep  this  paper  within  reasonable  limits  of  its  scope,  only  a  few 
of  the  major  reasons  for  the  Illinois  mining  man's  alleged  "disgrace- 
ful" waste  of  our  coal  resources  are  cited. 


First,  the  contract  with  labor  which  imposes  a  premium  knowii  as 
"yardage  price"  on  all  narrow  or  development  work.  It  is  quite  im- 
possible to  design  a  mining  system  without  liberal  use  of  "narrow" 
places  and  the  application  of  yardage  costs,  together  with  other  con- 
tract requirements  forces  maximum  percentage  of  wide  places  in  a 
given  area  if  competitive  costs  are  to  be  obtained.    (Fig.  3.) 

Second,  excessive  surface  cost  per  acre  allowed  by  the  courts  in 
damage  suits  for  subsidence  or  the  alternate  burden  of  "carrying 
charges"  and  taxes  on  surface  land  should  the  operator  purchase  his 
acreage  in  fee.  The  average  cost  of  Illinois  surface  land  is  higher  than 
that  of  most  other  coal  producing  states. 

Third,  the  increased  amount  of  screenings  or  small  size  coal  made 
by  increasing  the  percentage  of  narrow  work  and  by  pillar  drawing. 

Fourth,  the  intermittent  running  time  at  Illinois  mines,  for  an  im- 
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Fr:.  3.    Typical  panel  system  at  a  modern  Illinois  mine  illustrating  ratio  *>i 
wide  to  narrow  places  also  so-called  "pillar  drawing." 


portant  element  in  the  plan  of  systematic  pillar-drawing  is  continuouj^ 
operation.  Any  extended  period  of  mine  idleness  would  be  nearly  faM' 
to  such  methods. 
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WHAT  THE  FUTURE  SHOULD  BRING 

The  geologist  can  be  of  assistance  to  the  mining  industry,  in  the 
solution  of  these  four  problems  affecting  extraction  by  compiling,  in  one 
volume,  old  and  new  data  bearing  on  these  questions  and  possibly  by 
using  proper  influence  to  correct  the  evils  in  court  procedure  in  sub- 
sidence cases.  The  mining  engineer's  answer  to  the  whole  problem  is 
complete  mechanization  and  plants  for  cleaning  the  output. 


Fig.  4.     New  mine  in  Pennsylvania  workings  designed  for  95  per  cent  re- 
covery and  complete  mechanization. 

The  establishment  of  rib-robbing  lines  and  systematic  pillar-pull- 
ing is  a  fairly  simple  problem  for  practically  all  Illinois  coal  mines  and 
there  would  be  very  little  experimental  methods  involved,  excepting  as 
to  minor  details,  in  adapting  one  of  the  many  established  systems  to 
the  special  conditions  of  the  individual  operation.  Complete  mechaniza- 
tion for  drilling,  cutting,  loading,  hauling,  hoisting,  and  preparation 
means  rapid  advancement  of  development  work,  with  resultant  con- 
centrated mining,  and  though  it  also  means  a  dirtier  primary  product, 
the  mechanical  cleaner  can  correct  that.    (Figs.  4,  5  and  6.) 
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Fig.  5.    A   West  Virginia  mining  plan  showing  panel  system  designed   for 

95  per  cent  recovery. 

The  geologist  is  directly  concerned,  for  many  reasons,  in  the  suc- 
cessful introduction  of  loading  machinery  in  Illinois  mines  and  in  the 
development  of  equipment  for  cleaning  coal  and  particularly  because 
seams  not  now  worked,  due  to  non-competitive  conditions  with  hand- 
loading,  may  be  very  profitably  worked  with  complete  mechanization. 
It  is  readily  conceivable,  therefore,  that  the  thinner  coal  seams  of  Illi- 
nois, especially  those  with  low  freight  rates  to  the  general  markets,  may 
come  back  into  the  picture,  and  it  behooves  the  geologist  to  "dig  and 
discover"  those  characteristics  of  such  coal  beds  as  lend  themselves  to 
ready  application  of  mechanical  operations,  characteristics  such  as  level- 
ness,  roof,  faults,  water,  surface  topography,  little  affected  by  sub- 
sidence, etc. 

The  screenings  problem  must  be  solved  by  the  chemist  and  com- 
bustion engineer  and  they  have  gone  a  long  way  in  the  last  ten  or  fifteen 
years.  Until  1899,  the  percentage  of  screenings  at  Illinois  mines  aver- 
aged 25  per  cent  of  the  output,  but  in  that  year  the  mine-run  basis  of 
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Fig.  6.     Panel  system  of  an  Indiana  mine  designed  for  50  per  cent  recovery 

on  account  of  water  bearing  overburden. 
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payment  was  adopted  and  the  percentage  of  small  coal  rose  abrupth  i" 
55  i>er  cent.    From  50  to  55  per  cent  of  two-inch  screenings  has  bftrr 
normal  at  most  mines  ever  since.     This  situation  was  met   bv  the 
mechanical  engineer  in  the  design    of  special  equipment  for  burning: 
screenings,  such  as  stokers,  powdered  coal  apparatus,  forced  draft,  etc.. 
and  in  the  last  few  years,  the  stoker  for  domestic  use.    It  is  true  that  in 
the  last  25  years  the  amount  of  coal  used  to  generate  a  kilowatt-hour 
has  been  reduced  from  five  pounds  to  almost  one,  thereby  further  limii- 
ing  the  market  for  screenings,  but  this  has  been  offset  by  the  enormous 
increase  in  the  pro<luction  of  electric  energ>',  whose  volume  curve  goes 
up  sharply  each  year  and  will  surely  continue  to  rise  until  the  demand 
for  screenings  will  automatically  eliminate  the  differential  in  price  htr- 
tween  lump  and  small  coal. 

When  the  chemist  or  metallurgist  has  done  his  part  and  low-temper- 
ature distillation  of  Illinois  coals  has  become  feasible  commerciallv.  the 
mining  engineer  and  the  geologist  will  have  opened  to  them  new  fields 
to  conquer,  for  if  we  may  be  permitted  to  design  and  build  a  coal  mine 
to  produce  screenings  only,  we  will  have  reached  our  ideal  in  opera- 
tion and  the  geologist  will  be  confronted  with  the  task  of  developing 
new  data  on  old  coal  fields  to  be  studied  in  the  light  of  such  radical 
changes  in  mine  requirements. 

EXTRACTION  AND  STRIP-MINING 

This  very  important  branch  of  the  industry  is  now  a  factor  to  Ik 
reckoned  w  ith  as  may  be  noted  from  the  following  production  table  for 
Illinois  alone: 

Table  3. — Percentage  of  coal  produced  by  strip-tninifuf 


Year 

Output 

1             Percentage  of 

1 

1               State  Total 

1914 

324,487 

Negligible 

1917 

542,801 

.6 

1922 

1 

1 

720,060 

1.2 

1924 

1 

2,295.860 

3.4 

1926 

3,461.098 

'                      5.0 

1928 

4,345,000 

8.0 

1929 

(Approximately) 

5.104,653 

9  0 

In  the  United  States,  approximately  20,000,000  tons  of  coal  is  now 
won  in  a  year  by  the  stripping  method — about  4  per  cent  of  the  total 
bituminous  output — and  undoubtedly  this  percentage  will  increase  for 
some  years.  The  extraction  in  the  Illinois  pits  may  be  fairly  averaged 
at  85  per  cent,  although  some  operators  claim  95  or  even  lOO  per  cent, 
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but  intimate  contact  with  many  pits  has  convinced  the  writer  that  85 
per  cent  is  the  more  conservative  figure,  especially  for  very  thin  seams 
where  an  inch  or  so  of  bottom  coal  may  be  5  per  cent  or  more  of  the 
whole,  thus  radically  affecting  the  ratio  of  extraction.  The  ribs  along 
the  spoil  bank,  faulty  areas,  tracts  inaccessible  on  account  of  shape, 
severe  grades,  etc.,  all  combine  to  make  a  sizable  total  and  must  be  con- 
sidered in  calculating  extraction.     (Fig.  7.) 


I'lc.  7.    Map  of  modern  strip  pit  showing  high  percentage  of  recovery.    Each 

cut  is  indicated  as  actually  made. 


Splendid  service  has  been  rendered  the  strip  coal  operator  by  the 
geologist  and  the  industry  has  profited  greatly  by  the  publication  of 
such  Bulletins  as  Nos.  28,  31  and  32,  of  the  Cooperative  Mining  Series. 
The  recovery  of  many  millions  of  tons  of  Illinois  coal  was  hastened  as  a 
result  of  these  studies  and  prospecting  costs  were  much  reduced. 
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Although  a  bulletin  on  "Coal  Stripping  Possibilities  in  Southern 
and  Southwestern  Illinois,"  *  was  issued  in  1927,  it  appears  as  though 
a  supplementary  report  will  be  needed  in  a  few  years  because  of  ihc 
great  strides  made  each  year  by  the  manufacturers  of  equipment  for 
this  class  of  work,  making  possible  the  profitable  exploitation  of  thin 
seams  having  a  high  ratio  of  overburden  but  located  close  to  markets. 
In  the  northern  Illinois  field,  the  thin  No.  2  seam  is  now  stripped  where 
ratios  of  overburden  to  coal  are  as  high  as  thirteen  to  one,  and  by  suj)- 
plementing  the  digging  shovel  with  drag  lines,  several  of  these  pits  will 
soon  be  operated  where  the  ratio  is  twenty-to-one,  but  this  is  excep- 
tional and  possible  only  because  the  overburden  requires  no  shooting 
and  the  market  is  practically  right  at  the  pit. 

Up  to  sixty  feet  of  cover  is  removed  today,  where  forty  was  the 
limit  ten  years  ago,  and  large  tracts  with  a  stratum  of  hard  rock  in  the 
overburden  are  readily  stripped  by  the  present  huge  shovels  and  with 
the  generous  use  of  explosives,  whereas,  in  1920,  or  even  1925,  such 
areas  were  not  considered  desirable.  Drainage  system,  pumping  equip- 
ment, purchased  power,  pit  car  design,  liquid  oxygen,  and  numerous 
other  items  of  improvement  have  made  it  necessary  for  us  to  revise 
our  preconceived  ideas  of  possible  strip  areas,  and  our  data  as  listed  in 
publications  available  at  the  present  time  may  be  obsolete  in  a  f ew^  years, 
insofar  as  potential  strip  acreage  is  concerned. 

STORAGE  OF  COAL 

The  State  Survey  has  done  some  very  fine  work  in  connection  with 
coal  storage  and  much  valuable  data  have  been  published.  This  ques- 
tion is  related  to  extraction,  in  that  when  a  mine  is  mechanized,  pillar 
drawing  and  rib-robbing  lines  will  be  much  more  practicable  and  profit- 
able, but  this,  in  turn,  demands  fairly  continuous  operation.  Now, 
should  the  modernization  schedule  follow  its  proper  sequence  and  pro- 
duction of  lump  coal  become  a  minor  instead  of  a  controlling  factor  as 
at  present,  the  mechanical  features  in  the  design  and  layout  for  coal 
storage  will  be  greatly  simplified.  Add  to  this  the  mechanical  cleaning 
of  small  sized  coal  and  elimination  of  depreciation  in  values  because  of 
degradation,  then  storage — both  ground  and  under  water — becomes 
more  a  question  of  financing  costs  than  an  engineering  problem. 

In  Europe  eflficient  utilization  and  storage  of  coal  has  always  been 
given  more  consideration  than  in  America,  chiefly  perhaps  because  of 
the  comparative  investment  and  production  costs  and  limited  natural 
resources,  but  we  must  put  an  end  to  our  waste  of  better  grade  coals  or 


■*  Cady,     G.     H.,     Coal    Stripping    Possibilities    in     Southern    and    Southwestern    Illinois' 
Tllinois   State  Geo!.    Survey,   Coop.    Mining  Series   Bull.    31,    1927. 
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we  shall  face  the  same  situation.  The  writer's  work  in  Russia  has  to 
do  with  the  construction  and  development  of  coal  mines  and  in  each 
instance  the  plans  include  mechanization,  cleaning  plants,  75  to  90  per 
cent  extraction  of  each  workable  seam,  and  storage  of  output  at  the 
mine  to  permit  steady  hoisting  in  event  of  car  shortage  whether  due  to 
slow  market  for  certain  sizes  or  to  other  causes  that  interrupt  opera- 
tions. In  some  instances,  backfilling  by  pneumatic  or  a  water  flushing 
system  must  be  provided  to  protect  against  subsidence  or  to  aid  in 
obtaining  high  extraction  percentages. 


SUMMARY 

In  view  of  the  foregoing,  it  is  suggested  that  the  geologist  hence- 
forth collect  and  present  his  data  with  special  consideration  for  the 
effect  that  mechanization,  cleaning  plants  and  new  methods  of  utiliza- 
tion will  have  on  the  present  mining  methods  of  Illinois.  He  should 
continue  to  furnish  information  that  aids  in  prospecting  and  to  publish 
reports,  maps,  folios,  etc.,  for  these  are  practically  indispensable  today 
for  the  intelligent  projection  of  workings  or  planning  of  new  operations. 
Mining  systems  used  in  other  states  showing  pillar-drawing  methods 
might  well  be  studied  to  determine  those  most  suitable  to  Illinois  con- 
ditions. He  should  assume  that  when  this  era  of  factory  process  shall 
have  arrived,  concentrated  mining  with  resultant  high  percentage  of  ex- 
traction will  be  part  of  the  program,  and  from  his  intimate  knowledge 
of  the  characteristics  of  each  Illinois  coal  seam  he  should  be  able  to 
build  up  a  table  showing  the  possible  available  tonnage  from  Illinois 
coal  measures  under  the  proposed  system,  and  demonstrate  by  com- 
parison with  the  figures  compiled  in  conformity  with  present  practice, 
the  great  increase  in  fuel  resources  and  life  of  existing  mines. 

It  does  not  mean  much  to  the  average  layman  for  the  geologist  to 
tell  him  we  have  a  hundred  billion  tons  or  so  of  available  coal  in  Illi- 
nois and  that  it  will  last  three  or  four  hundred  years,  but  it  does  mean 
something  when  you  say  that  with  more  modern  methods  of  mining 
and  processing  of  output,  we  could  increase  our  fuel  resources  fifty  per 
cent,  decrease  the  cost  to  the  ultimate  consumer,  and  give  him  a  lower 
ash  coal.  Also,  it  would  mean  a  great  deal  to  the  coal  operator  if  the 
geologist  would  show  on  his  maps  those  areas  where  the  seams,  because 
of  physical  conditions  and  location  relative  to  market,  indicate  success- 
ful exploitation  with  complete  mechanization  and  the  consequent  de- 
crease in  amortization  charges  due  to  higher  extraction  and  longer  life. 
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CONCLUSIOX 

It  ap]>ears  certain  that  we  of  the  coal  mining  industry  of  Illinois 
are  at  the  threshold  of  the  door  that  opens  to  new  and  greater  oppor- 
tunities. The  passing  generation  of  coal  men  has  had  no  easy  patli : 
there  have  been  cycles  through  the  years  when  great  momentary-  pro>- 
[)erity  brought  hysteria  and  then — long  periods  of  depression  and  dis- 
tress. With  the  geologist  to  point  the  way,  the  engineer  to  direct  thi- 
methods  of  extraction,  and  with  a  sound  economic  structure,  it  is  po>- 
sible  to  almost  double  our  precious  heritage  of  coal  and  in  that  thought 
lies  the  inspiration  for  further  cooperation  and  renewed  efTort. 


COAL  PREPARATION  AND  RESEARCH  FOR  FUTURE 

NEEDS 

By  £.  A.  Holbrook  ^ 
COAL  PREPARATION  RESEARCH 

Eighteen  years  ago  the  writer,  while  engaged  in  teaching  and  re- 
search work  in  Nova  Scotia,  was  visited  by  the  late  Dr.  H.  H.  Stock, 
w  ho  stated  that  research  in  coal  preparation  was  one  of  the  visions  he 
liad  for  his  newly  established  department  of  Mining  Engineering  at 
the  University  of  Illinois.  "Certainly,"  he  said,  "since  research  has  so 
advanced  the  preparation  of  ores  and  other  minerals,  there  must  be  a 
field  for  similar  work  in  coal."  The  next  fall  the  writer  came  to  the 
University  of  Illinois  and  during  the  following  five  years  was  connected 
with  the  University,  devoting  part  time  to  coal  preparation  investiga- 
tions under  Dr.  Stoek.  Later  this  work  was  conducted  by  Professor 
Ray  Arms,  and  through  cooperation  with  the  U.  S.  Bureau  of  Mines, 
by  Mr.  Thomas  Eraser  and  Dr.  H.  F.  Yancey.  Since  then  the  work 
has  been  carried  on  under  the  direction  of  Professor  A.  C.  Callen. 

Out  of  the  research  work  in  coal  preparation  at  Illinois  has  come 
technical  knowledge  that  has  made  possible  new  methods  and  machinery 
in  coal  preparation ;  for  example,  the  application  of  the  so-called  Con- 
centrating Table  to  the  cleaning  of  fine  coal,  and  a  knowledge  of  the 
relative  importance  of  sizing  in  coal  cleaning  operations.  Several  ad- 
vances in  the  art  of  screening  resulted  from  work  in  the  laboratory. 
During  the  war,  methods  of  recovering  pyrite  from  various  Illinois  coals 
were  developed  to  a  point,  where,  had  the  need  for  sulphur  continued, 
a  considerable  number  of  plants  would  have  been  in  operation.  Later 
a  successful  coal  cleaning  table  using  air  as  a  separating  medium  was 
perfected  and  the  principle  of  the  so-called  air-sand  separation  process 
was  worked  out.  Advances  were  made  in  our  knowledge  of  the  so- 
called  float-and-sink  test  in  coal  preparation,  and  the  now  familiar 
washability  curves  were  perfected  from  which  the  probable  success  or 
failure  of  a  coal  cleaning  operation  can  be  forecast.  Again,  progress 
in  developing  the  laws  of  breakage  or  degradation  of  coals  made  in  the 
laboratory  here  has  promising  applications. 

'  Dean,   School  of  Engineering  and  Mines,  University  of  Pittsburgh. 

(27) 
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The  value  of  the  coal  preparation  laboratory  at  the  Universin 
of  Illinois  has  been  not  alone  in  its  technical  productions,  but  rather.  1:5 
greatest  values  have  been  in  the  interest  its  work  has  aroused  else- 
where on  the  subject,  and  by  the  compilation  of  a  series  of  bulletins  an  I 
technical  articles  which  have  been  guideposts  for  other  investigators  an  i 
for  commercial  industry'.  For  a  number  of  years  the  Illinois  laboraton 
was  the  only  non-private  laboratory  devoting  its  attention  to  coal  prep- 
aration ;  and  its  stimulus  has  been  felt  in  every  coal  field  of  this  onmtn 
and  abroad. 

As  an  illustration,  about  fifteen  years  ago  the  writer  was  at  a  min- 
ing convention  where  the  results  of  certain  work  of  the  Illinois  labora- 
tory were  given.  The  audience  consisted  of  four  men.  Two  years  ago 
at  a  mining  convention  at  Cincinnati  practically  the  same  ground  was 
covered  in  a  paper,  but  to  an  audience  of  nearly  400  representing  even 
part  of  the  coal  mining  industry,  all  eager  to  hear  and  to  discuss  the 
paper.  Professor  Stock's  vision  of  the  importance  of  coal  preparation 
to  the  industry  is  being  realized  today  by  the  commercial  industr>^  after 
the  ups  and  downs  of  nearly  twenty  years.  Coal  preparation  plants 
have  been  installed  in  the  past  year  or  two,  having  an  individual  ca- 
pacity of  more  than  8,000  tons  daily,  and  subject  to  scientific  and  en- 
gineering control  on  a  par  with  our  most  advanced  industries.  Com- 
pared with  the  crude  rule-of -thumb  coal  preparation  plants  of  twenty 
years  ago,  they  represent  a  new  era  in  coal  preparation.  The  coal  prep- 
aration laboratory  at  the  University  of  Illinois  cannot  of  course,  take 
credit  for  this  advance,  it  is  due  to  the  work  of  hundreds  of  men  an«i 
to  many  organizations.  However,  in  the  compilation  and  issuing  of 
data  and  by  encouraging  research  and  exact  knowledge  in  the  field  of 
coal  preparation,  the  University  of  Illinois  laboratory  has  many  times 
justified  the  vision  of  Dr.  Stock. 

The  term  "coal  preparation"  generally  means  either  the  removal 
of  impurities  from  the  coal  or  the  sizing  of  coal  after  mining  and  be- 
fore utilization,  or  some  combination  of  these  distinct  operations. 
Twenty  years  ago  Illinois  ranked  first  or  second  among  all  the  states  in 
the  quantity  of  coal  washed  or  prepared  for  the  market  by  the  removal 
of  impurities.  Today  a  number  of  districts  have  outstripped  Illinois, 
not  only  in  amount  of  coal  cleaned,  but  in  the  introduction  of  improved 
methods.  In  actual  screening  and  sizing  of  coal  Illinois  lead  all  the 
bituminous  coal  producing  states  and  was  second  only  to  the  Pennsyl- 
vania anthracite  field.  Today  these  processes  have  been  widel}^  copied 
and  greatly  improved.  There  is  scarcely  a  bituminous  coal  producing 
district  in  the  country  that  does  not  make  a  real  eifort  to  prepare  its  coal 
as  to  size  and  purity  to  meet  the  competitive  market  demands.    It  used 
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to  be  considered  that  many  coals  were  of  such  a  nature  that  they  were 
not  benefited  by  the  washing  processes  then  in  existence.  Today  with 
the  modern  coal  jigs,  with  the  various  air  separators,  with  the  Chance 
sand  process.  The  Rheolaveur  process  and  with  the  adaption  of  the 
flotation  and  other  processes  to  the  coal  cleaning  problem,  there  is  prob- 
ably not  a  single  coal  containing  its  impurities  in  visible  size  that  is  not 
amenable  to  some  one  of  these  processes.  In  screening  and  sizing  it 
seems  that  with  the  perfection  of  the  modern  shaking  and  vibrating 
screens  the  ultimate  in  this  phase  of  preparation  has  been  reached.  In 
other  words  the  technical  progress  in  coal  preparation  during  the  past 
ten  years  has  been  so  great  that  it  will  take  the  commercial  industry 
many  years  to  take  full  advantage  of  it.  Technically  many  of  the 
urgent  problems  of  coal  preparation  have  been  solved ;  the  near  future 
demands  more  the  working  out  of  these  processes  to  individual  coals  at 
a  low  enough  cost  so  that  the  industry  can  afford  to  use  them.  Per- 
haps the  exception  to  this  rule  is  pulverized  coal.  More  and  more 
bituminous  coal  is  pulverized  to  a  powder  before  being  burned. 
Theoretically  this  finely  divided  coal  is  in  an  ideal  state  for  removal 
of  impurities,  inasmuch  as  the  pulverization  has  freed  the  coal  from  the 
adhering  impurities,  but  practically  no  process  has  been  perfected  which 
will  clean  this  pulverized  coal.  Perhaps  the  solution  lies  in  an  air  blast 
of  varying  velocity.  At  any  rate  the  practical  solution  must  be  simple 
and  cheap.    The  problem  oflFers  a  real  challenge  in  coal  preparation. 

Altogether,  the  most  interesting  developments  today  in  coal  prep- 
aration research  are  the  following : 

(1)  Development  of  oil  flotation  of  coal  by  the  use  of  an  alkaline 
circuit  which  permits  the  separation  of  the  finely  divided  pyrite  from 
the  coal. 

(2)  Success  in  settling  and  clarifying  the  black  water  discharge 
from  washeries  by  the  use  of  starch  and  caustic  soda. 

(3)  Realization  that  the  removal  of  inerts  or  impurities  in  the  fine 
sizes  of  coal  has  an  important  bearing  in  the  physical  structure  of  the 
resultant  coke,  especially  in  reduction  in  the  so-called  coke  breeze. 

RESEARCH  FOR  FUTURE  NEEDS 

Coal  preparation  in  its  broadest  sense,  is  vastly  wider  in  scope  than 
sizing  or  even  in  taking  out  of  the  coal,  visible  impurities.  It  has  been 
wiselv  remarked  that  coal  has  been  discovered  three  times  as  follows : 

First — as  a  raw  fuel  or  source  of  heat. 

Second — as  a  substance  to  be  manufactured  into  coke  and  bv- 
products. 

Third — as  a  base  for  new  chemical  industries. 
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All  of  these  certainly  deal  with  coal  preparation  but  in  widely  dif- 
ferent senses.    Let  us  consider  them  in  order. 

( 1 )  Coal  as  a  raw  fuel  or  source  of  heat. — When  we  deal  with  c*  w^i 
as  a  raw  fuel  or  source  of  heat  we  are  concerned  with  cost,  efficiena 
and  general  cleanliness.  Education  of  the  user  as  to  relative  cost  and 
efticiency  of  prepared  vs.  unprepared  coal  is  the  most  important  step 
to  promote  the  more  general  use  of  coal  preparation  plants.  The  wors: 
feature  of  raw  coal  today,  aside  from  smoke,  is  its  general  dirtiness.  It 
is  interesting  to  note  that  during  the  past  year  or  two  a  number  of  clgI 
companies  and  large  numbers  of  retail  dealers  have  adopted  the  plan 
of  wetting  down  their  coal  with  a  solution  of  calcium  chloride  before 
shipping  to  the  consumer.  The  plan  actually  seems  to  keep  down  dust 
and  dirt,  presumably  by  taking  advantage  of  the  delequescent  propeny 
of  calcium  chloride.  Perhaps  further  investigations  might  discover  a 
more  advantageous  method  of  preventing  dust,  with  a  consequent  in- 
crease in  popularity  of  soft  coal.  It  seems  only  a  step  further  to  ad^i 
some  substance  to  the  raw  coal  which  might  prevent  the  formation  of 
soot  in  chimneys.  Apparently  these  are  simple  troubles  and  yet  their 
solution  would  go  far  towards  eliminating  prejudice  against  soft  coal. 

(2)  Coal  as  a  substance  to  be  manufactured  into  coke  and  by- 
products.— Some  sixteen  years  ago  I   sat  in  a  graduate   class  under 
Professor  S.  W.  Parr  at  the  University  of  Illinois  and  heard  him  fore- 
tell the  early  disappearance  of  the  then  common  beehive  coke  oven  ami 
improvements  in  the  manufacture  of  by-product  coke  w-ith  its  attendant 
by-products.    Those  of  you  who  went  through  the  Connellsville  district 
of  Pennsylvania  a  few  years  ago  must  have  marveled,  as  I  did,  at  the 
great  tongues  of  flame  and  smoke  leaping  out  of  the  hundreds  of  little 
beehive  coke  ovens.    Today  these  ovens  are  deserted  and  grass-grown. 
In  their  place,  at  Clairton  on  the  Monongahela  river,  stands  the  great 
by-product  coke  plant  of  the  U.  S.  Steel  Corporation  where  is  treatetl 
one  per  cent  of  the  entire  coal  production  of  the  world.    Not  only  is  the 
coke  better  than  the  old  beehive  coke,  but  in  the  by-products  hundretJs 
of  chemicals  are  produced,  ranging  from  road  tar  to  aspirin.    They  are 
recovering  from  the  coke  oven  gas,  pure  sulphur  of  such  fineness  that  it 
finds  a  great  demand  among  orchardists  as  the  most  eflfective  method  of 
destroying  fungus  and  other  tree  diseases.     They  are  saving  sodium 
thiocyanite  which  has  been  found  to  hasten  greatly  the  germination  of 
potatoes ;  and  many  other  new  by-products.    But  in  these  things  we  in- 
vade the  province  of  the  chemist.    Of  the  utmost  interest  to  coal  prep- 
aration, however,  is  the  elusive  field  of  preparing,  from  the  raw  coal,  a 
smokeless  fuel.    Why  we  of  the  twentieth  century  continue  to  accept 
the  present  smoke  nuisance  of  our  towns  and  cities  is  unanswerable. 
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Certainly  in  a  broad  way  we  do  not  save  money  by  present  conditions. 
Nothing  would  popularize  soft  coal  like  making  it  smokeless  and  at 
the  same  time  retaining  its  desirable  burning  qualities.  No  one  has  car- 
ried the  work  further  than  your  own  Professor  Parr.  The  future, 
however,  holds  an  unlimited  opportunity  to  reduce  research  to  prac- 
tice in  this  field.  It  is  not  too  much  to  prophesy  in  turn  the  introduc- 
tion of  a  successor  to  the  by-product  oven  which  will  entirely  gasify 
the  coal,  thus  completely  converting  coal  to  the  ideal  fuel  without  in- 
cidental production  of  coke. 

Years  ago  the  coal  industry  faced  a  crisis  in  competition  from 
natural  gas.  Within  a  few  years  the  natural  gas  resources  near  the 
large  consuming  centers  were  exhausted  and  coal  again  took  command. 
Within  the  past  three  years  the  coal  industry  again  faces  this  danger. 
Improvements  in  pipe  manufacture  and  pipe  line  construction  have 
made  it  possible  to  construct  pipe  lines  for  natural  gas  of  a  length  and 
size  hitherto  considered  impracticable.  A  natural-gas  line  has  been  fin- 
ished recently  from  northern  Louisiana  to  Atlanta,  Georgia,  and  others 
ranging  up  to  900  miles  in  length  are  projected.  To  meet  this  competi- 
tion is  it  not  possible  for  the  coal  industry  to  pipe  gas  manufactured 
from  coal  over  like  distances,  thus  preparing  the  coal  at  the  mine  into 
gas,  instead  of  shipping  the  coal?  Already  in  New  Haven,  Connecticut, 
there  is  a  coal-gas  plant  which  supplies  65  per  cent  of  all  the  gas  used  in 
the  State  and  the  gas  is  piped  to  Hartford,  and  other  distant  towns. 

I  am  informed  that  at  Clairton,  Pennsylvania,  the  excess  gas  pro- 
duced at  the  ovens  at  certain  times  of  the  year  is  pumped  in  great  quanti- 
ties down  old  exhausted  natural  gas  wells  near  McKeesport.  Later 
when  this  gas  is  withdrawn  for  use  it  is  found  to  have  changed  in  char- 
acter, having  lost  some  of  its  objectionable  compounds  and  to  have 
absorbed  enough  methane  from  the  strata  so  that  its  heating  value  is  con- 
siderably greater  than  when  pumped  into  the  ground. 

Will  the  coal  industry  slow  down  until  the  peak  of  natural-gas 
competition  is  passed,  or  will  it  be  able  through  discovery  and  technical 
skill  to  meet  the  competition  by  preparing  a  suitable  competitive  fuel  ? 
Certainly  the  natural-gas  industry  is  showing  us  how  to  ship  heat  units 
to  the  markets  as  a  lesser  cost  than  hauling  them  on  the  railroads. 

(3)  Coal  as  a  base  for  new  chemical  industries. — Most  of  you  know 
that  in  Germany  and  France  they  have  succeeded  in  taking  raw  coal 
and  preparing  from  it  directly  by  hydrogenation  a  liquid  which  can  be 
used  as  a  substitute  for  gasoline  and  fuel  oil.  With  the  high  cost  of 
gasoline  there  they  are  actually  selling  the  liquid  coal  as  an  auto  fuel. 
My  own  feeling  is  that  within  a  decade,  we  may  be  using  larger  sup- 
plies of  our  own  coal  to  produce  a  similar  fuel  here.  At  any  rate  the 
discovery  destroys  any  fear  of  an  automobile  fuel  shortage. 
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Altogether  I  feel  that  the  great  future  work  to  be  done  in  o*a- 
preparation  will  be  to  develop  the  use  of  coal  as  a  base  for  new  indus- 
tries, especially  the  chemical  industries. 

It  is  an  interesting  fact  that  nearly  all  the  research  in  coal  up  t* 
the  present  has  tended  to  restrict  rather  than  increase  its  productirrn. 
We  are  informed  that  the  modern  central  power  station  using  coal  pr'> 
duces  a  kilowatt  with  one-half  the  coal  that  it  did  ten  years  ago  and  that 
improvements  in  locomotive  design  reduces  by  30  per  cent  the  coal  nec- 
essary to  haul  a  ton  of  freight  a  mile.  In  preparation  of  coal  in  tht 
by-product  ovens  more  coke  is  obtained  than  in  the  old  beehive  anl 
with  the  resulting  gas  this  means  that  for  each  unit  of  heat  used,  les> 
coal  is  required.  All  of  these  advances,  although  of  general  benefit  to 
the  public,  do  not  promote  the  use  of  more  coal. 

The  time  is  here  to  begin  to  devote  our  research  to  ends  that  will 
increase  the  uses  of  coal.  I  am  informed  that  today,  in  every-  telephone 
transmitter  are  grains  of  coal  which  help  to  change  the  current  as  your 
voice  changes.  Compared  to  the  tonnage  of  coal  which  may  be  used  by 
further  discoveries  and  improvements  in  the  chemical  industries,  the 
quantity  of  coal  needed  for  telephone  receivers  is  ridiculously  small,  vet 
in  this  whole  field  of  finding  new  uses  for  that  wonderful  complex 
organic  chemical  substance  we  call  coal,  lies  the  future  pros[>erity  of 
the  coal  industry. 


THE  AUTOMATIC  STOKER  FOR  HEATING  SERVICE, 

USING  ILLINOIS  COAL 

By  A.  C.  Willard  i  and  W.  H.  Sevems  2 
INTRODUCTION 

The  development  of  automatic  equipment  and  methods  for  heating 
buildings  in  the  past  few  years  has  included  practically  every  kind  of 
fuel  and  type  of  burner.  The  final  objectives  in  this  development  must 
provide  for  economy  (including  smokelessness),  comfort  and  conven- 
ience. To  entirely  sacrifice  the  first  of  these  objectives  for  the  sake  of 
the  other  two,  is  quite  indefensible  in  any  comprehensive  and  funda- 
mental consideration  of  the  problem.  What  is  needed  in  the  ultimate 
solution  of  this  problem  is  automatic  equipment  which  will  burn  the 
least  expensive  fuel  in  any  locality  with  maximum  efficiency  and  with 
practically  as  much  comfort  and  convenience  as  can  be  secured  with 
any  other  fuel,  whether  fired  manually  or  automatically. 

For  the  state  of  Illinois  and  much  of  the  Midwest  the  least  expen- 
sive fuel  is  the  native  bituminous  coal.  This  fuel  cannot  be  burned 
successfully  in  heating  boilers  and  furnaces  without  smoke  and  with 
high  efficiency  by  any  method  of  hand  firing  unless  more  or  less  special 
equipment  is  installed.  Moreover,  even  with  special  equipment  in- 
stalled, hand  firing  is  inherently  less  convenient  than  any  method  of 
mechanical  stoking.  Mr.  Victor  J.  Azbe  ^  has  proved  that  the  correct 
principle  for  complete  combustion  with  bituminous  coal  is  that  the  dis- 
tilled volatile  gases  must  pass  through  the  hot  fuel  bed  and  then  be 
mixed  with  the  air  to  complete  the  combustion  practically  at  the  surface 
of  the  fuel  bed.  This  principle  is  satisfied  by  the  down-draft  furnace, 
the  down-draft  baffle,  and  the  underfeed  stoker;  only  the  last  of  which 
can  be  regarded  as  automatic,  and  hence,  eflFective  in  promoting  com- 
fort and  convenience. 


1  Professor  of  Heating  and  Ventilation,  and  Head  of  Department  of  Mechanical  En- 
gineering, University  of  Illinois,  Urbana. 

•  Associate   Professor  of  Mechanical   Engineeringi   University  of  Illinois,  Urbana. 

■  Azbe,  Victor  J.,  Smokeless  and  KflRcient  Firing  of  Domestic  Furnaces,  Parts  I  and  IT. 
Transactions  of  the  American  Society  of  Mechanical  Engineers,  Fuels  and  Stpam  Power 
Division,  January-April,    1928,   page   175,  and   Septembcr-December,    1928,   page  223. 
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CHARACTERISTICS  OF  THE  AUTOMATIC  MECHANICAL 

COAL  STOKER 

The  automatic  mechanical  coal  stoker  working  on  the  underfeed 
principle  will  burn  a  less  expensive  fuel  with  greater  economy  (includ- 
ing smokelessness),  and  will  at  the  same  time  provide  iuUy  as  great 
comfort  as  can  be  secured  with  any  other  fuel  fired  automatically.  It 
cannot  be  said  that  the  stokers  of  the  present  day  provide  even  approxi- 
mately as  much  convenience  as  either  oil  or  gas  burners  of  the  auto- 
matic type.  They  are,  however,  far  more  convenient  to  operate  than 
any  hand-fired  lieating  unit,  and  the  amount  of  attention  which  they 
require  will  be  materially  reduced  as  their  development  progresses. 
They  satisfy  the  three  objectives  of  economy,  comfort,  and  conTcnicncc 
to  a  remarkable  degree  even  in  their  present  state  of  commercial  de- 
velopment. For  the  central  states  of  this  country  the  less  expensive 
fuels  as  already  noted  are  the  small  sizes  of  Midwestern  bituminous 
coals,  which  underlie  much  of  this  territory.  These  coals  are  relatively 
high  in  volatile  matter,  and  if  they  are  to  be  burned  with  the  greatest 
efficiency,  require  careful  combustion  control.  To  secure  such  economy 
in  combustion  with  the  maximum  of  convenience  and  comfort  the  auto- 
matic mechanical  underfeed  stoker  must  be  employed. 

In  the  underfeed  type  of  stoker,  the  volatilization  takes  place  be- 
low the  incandescent  part  of  the  fuel  bed,  and  the  unstable  hy^drocar- 
bons  are  decomposed  into  fixed  gases  under  the  action  of  the  hot  carbon 
in  the  incandescent  zone.  This  prevents  the  formation  of  smoke,  which 
results  from  the  partial  combustion  of  the  hydrocarbons  in  the  presence 
of  insuflRcient  air  at  the  surface  of  the  fuel  bed.  A  high  temperature 
is  maintained  above  the  surface  of  the  fuel  bed,  and  the  complete  com- 
bustion of  the  fixed  gases  is  accomplished  by  the  admission  of  the  proper 
amount  of  secondary  air  above  the  fire.  The  use  of  mechanical  blowers 
with  gates  or  orifices,  instead  of  placing  reliance  on  the  uncertain  rela- 
tions existing  between  natural  draft  and  the  resistance  of  grates  and 
fuel  bed,  permits  very  close  control  of  the  air  required  through  the  fuel 
bed.  Since  the  amount  of  air  forced  through  the  fuel  bed  determines 
the  rate  of  combustion,  when  stokers  are  used  in  connection  with  heat- 
ing units  the  speed  of  the  blower  should  be  governed  by  the  outdoor 
weather  conditions,  thus  regulating  the  rate  of  combustion  to  corre- 
spond to  the  weather.  The  speed  of  the  coal  feeding  mechanism  should 
then  be  accommodated  to  the  rate  of  combustion.  The  completeness  of 
combustion  is  determined  largely  by  the  amount  of  secondary  air  ad- 
mitted above  the  fuel  bed,  and  in  order  to  reduce  the  excess  air  to  a 
minimum  this  amount  should  be  regulated  to  correspond  with  the  com- 
bustion rate.    It  should  vary  with  the  speed  of  the  blower  and  the  rate 
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of  coal  feed.  As  a  rule,  with  proper  operation,  the  loss  due  to  com- 
bustible in  the  ash  is  small.  Until  it  is  fully  appreciated  that  the  proper 
control  of  an  underfeed  stoker  depends  on  the  correct  regulation  of 
both  the  primary  and  secondary  air  supply  rather  than  on  pounds  of 
coal  fed  to  the  furnace,  the  operating  adjustment  of  such  a  unit  will 
be  a  matter  of  chance  rather  than  intelligence. 

The  automatic  mechanical  stoker,  moreover,  is  an  apparatus  requir- 
ing engineering  knowledge  rather  than  mechanical  skill  for  its  prelim- 
inary adjustment  for  proper  combustion  control.  The  advantages  of- 
fered will,  therefore,  not  be  attained  generally  until  the  necessity  foi 
such  knowledge  is  widely  recognized,  and  until  installations  and  ad- 
justments are  made  under  the  competent  direction  of  trained  men  in- 
stead of  relying  entirely  on  the  services  of  skilled  mechanics  without 
the  background  of  fundamental  knowledge  in  the  field  of  combustion. 
The  mere  presence  of  a  stoker  is  not  a  guarantee  of  efficient  per- 
formance and  a  poorly  adjusted  stoker  may  be  no  better  than  a  man- 
ually operated  plant. 

TERFORMANCE  TESTS  OF  AN  AUTOMATIC  STOKER  AND 

STEAM  HEATING  BOII-ER  UNIT 

As  an  illustration  of  the  performance  of  a  modern  stoker-boiler 
unit  under  actual  operating  conditions,  such  as  exist  in  heating  service 
using  an  inexpensive  grade  of  Illinois  bituminous  coal,  the  following 
results  (Table  4  and  Fig.  9)  from  a  series  of  tests  just  completed  at 
the  University  of  Illinois  are  presented.  These  tests  are  preliminary 
to  a  further  and  much  more  complete  study  of  stoker-boiler  unit  per- 
formance. 

The  testing  plant  is  shown  (before  boiler  and  pipe  covering  was 
applied)  in  figure  8.  The  boiler  was  a  standard  commercial  welded 
steel  firebox  type  with  a  double  pass  of  fire  tubes.  The  principal  dimen- 
sions taken  from  manufacturer's  data  were: 

Heating  surface  =  262  sq.  ft.  =  241  sq.  ft.  (using  fire  surface). 

Grate  surface  =11.6  sq.  ft. 

Ratio  H.S./G.S.  =:  22.6. 

Tubes  all  3  in.  outside  diameter. 

First  pass  21  tubes  4  ft.  7  in.  long. 
Second  pass  24  tubes  6  ft.  4  in.  long. 

Length  of  firebox  =  70.0  in. 

Width  of  firebox  =  30.0  in. 

Height  of  firebox  =  26.0  in. 

Volume  of  furnace  and  combustion  chamber  above  grates,  apx. 
20  +  10  =  30  cu.  ft. 
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Height  water  line  =  69.0  in. 

Smoke  collar  =  22  in.  diameter. 

Stack  steel  ^  20  in.  diameter  and  44  ft.  above  grate. 

Rating  in  sq.  ft.  of  direct  steam  radiation  of  240  B.t.u.  value  = 
3630. 

The  stoker  was  also  a  standard  commercial  screw-feed  type  with 
separate  motor  drive  for  coal  feed  and  fan.  The  coal  feed  could  be 
regulated  by  hand  control  of  motor  speed,  as  well  as  by  an  on  and  of! 


taken  before  c 

pressure  stat.  The  coal  tube  was  4  inches  in  diameter  inside  and  the 
coal  retort  was  7  by  17  inches  just  below  tuyeres.  Coal  screw  3"'4 
inches  diameter  maximum  at  entrance  to  retort  and  2%  inches  diameter 
at  hopper;  driven  by  J4  horsepower  single  phase  brush  shifting  motor, 
220  volts.  Capacity  at  full  speed  approximately  150  pounds  of  coal  per 
hour.  Maximum  wind  box  pressure,  3.2  inches,  water  gage  and  fan 
driven  by  >i  horsepower  single  phase  constant  speed  motor.  The  local 
IX)wer  company  supplies  current  for  small  stoker  motors  at  7  cents  per 
kilowatt-hour. 

The  fuel  used  was  i'/i  inch  screenings  of  the  analysis  shown  in 
Table  4,  and  cost  $3.60  per  ton  in  the  bin. 
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Fig.  9.     Tests   of   a    stoker-fired    heating   boiler   at    the    University   of 

Illinois,  Urbana. 


CONCLUSIONS 

Based  on  the  stoker-boiler  unit  tested,  the  results  (Table  4)  indi- 
cate that: 

(1)  A  less  expensive  grade  of  Illinois  coal  (costing  $3.60  per  ton 
in  the  bin)  may  be  burned  without  visible  smoke  and  with  good  effi- 
ciency, ranging  from  65  to  70  per  cent.  In  the  opinion  of  the  authors, 
the  principal  saving  from  the  use  of  automatic  coal  stokers  will  result 
from  the  use  of  a  less  expensive  fuel,  burned  efficiently  and  smoke- 
lessly. 

(2)  The  stoker  will  perform  automatically  for  considerable  periods 
of  time  and  maintain  a  practically  constant  steam  pressure  with  a  maxi- 
mum variation  of  ^  pound  above  or  below  normal. 

(3)  The  attention  required  in  heating  service  will  depend  on  the 
weather  conditions  and  the  frequency  with  which  the  hopper  must  be 
refilled  or  the  fire  cleaned,  at  which  time  ash  and  clinker  is  also  re- 
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moved.     In  severe  weather,  the  attention  must  be  more  frequent  than 
in  mild  weather. 

(4)  To  what  extent  labor  costs  may  be  reduced  by  the  installation 
of  a  stoker  was  not  within  the  province  of  the  present  tests.  It  is  cer- 
tain, how^ever,  that  a  stoker  will  relieve  the  attendant  for  considerable 
periods  of  time,  so  that  more  stoker-fired  plants  may  be  operated  by 
one  man  or  he  may  have  more  time  for  other  duties  than  with  a  hand- 
fired  plant. 

(5)  It  is  rather  difficult  to  so  adjust  both  primary  and  secondare' 
air  that  the  coal  feed  and  air  supply  will  be  perfectly  synchronized.  As 
a  result  of  failure  to  synchronize  the  air  supply  and  coal  feed,  either  coal 
may  accumulate  gradually  in  the  fire  box  or  the  fire  may  bum  thin. 

(6)  The  relative  amounts  of  primary  and  secondary  air  must  be 
varied  with  the  rate  at  which  coal  is  fed  and  better  and  more  accurate 
air  control  devices  or  equipment  are  desirable  if  not  essential. 

(7)  The  rate  at  w^hich  coal  is  fed  has  very  little  connection  with  the 
rate  of  combustion  in  "on  and  off"  operation.  Only  w^hen  the  stoker 
runs  continuously  will  rate  of  coal  feed  be  the  same  as  the  rate  of  com- 
bustion. 

(8)  Average  CO 2  readings  and  average  flue  gas  temperatures 
mean  very  little  in  these  tests  with  "on  and  off"  operation  even  though 
"time  on''  and  "time  oflF"  is  accurately  determined.  Single  COj  read- 
ings are  of  the  greatest  value,  however,  in  adjusting  the  primary-  and 
secondary  air  to  give  best  results  with  different  coals  or  w^ith  different 
rates  of  feed  of  the  same  coal, 

(9)  It  is  practically  impossible  to  make  an  accurate  "heat  bal- 
ance" with  a  stoker  operating  on  an  "on  and  off"  control.  This  can  only 
be  done  when  stoker  operates  nearly  continuously,  which  means  that  at 
less  than  full  load  capacities  the  rate  of  coal  feed  must  be  reduced  and 
the  air  supply  readjusted  accordingly  to  give  continuous  operation. 

(10)  Special  consideration  should  be  given  to  the  undesirability 
of  creating  hopper  smoke,  especially  with  a  nearly  empty  hopi>er  and 
with  more  or  less  clinker  in  the  furnace. 

FUTURE  IN\'ESTIGATION  OF  STOKER-BOILER  UXITS 

(1)  A  carefully  planned  program  of  tests  should  be  conducted  to 
determine  the  best  method  of  stoker  control  for  heating  service.  At 
least  two  general  methods  deserve  careful  study. 

One  provides  a  constant,  maximum  rate  of  coal  feed  sufficient  to 
take  care  of  the  full  load  requirements.  In  mild  weather,  this  same 
rate  of  coal  feed  is  used  but  the  stoker  is  "off"  a  much  greater  propor- 
tion of  the  time.    The  air  supply  adjustment  is  kept  constant. 
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The  other  method  provides  for  a  variable  rate  of  coal  feed  with 
corresponding  adjustment  of  the  air  supply.  In  mild  weather,  the 
lower  rates  of  coal  feed  are  used  and  the  stoker  is  "on"  about  the  same 
length  of  time  regardless  of  the  weather.  This  method  would  appear 
to  be  more  efficient,  but  would  demand  more  attention  and  skill  on  the 
part  of  the  attendant. 

(2)  Two  series  of  tests  using  different  coals  as  well  as  different 
sizes  of  the  same  coal  should  be  conducted  to  determine  whether  or  not 
higher  efficiencies  might  justify  the  use  of  somewhat  more  expensive 
coals.  Material  variations  in  heat  value,  volatile  matter  and  ash  con- 
tent should  be  the  basis  for  selecting  these  different  coals,  to  give  as 
wide  a  spread  in  coal  characteristics  as  possible. 

(3)  Another  series  of  tests  should  be  undertaken  to  determine  the 
effect  and  importance  of  furnace  and  combustion  chamber  space  on 
stoker  operation,  at  both  high  and  low  loads  or  rates  of  combustion. 
There  is  no  doubt  that  the  ratio  of  furnace  and  combustion  chamber 
volume  to  pounds  of  coal  burned  per  hour  has  an  effect  on  both  effi- 
ciency and  capacity  of  a  stoker-boiler  unit. 

Tablk  4 

Department  of  Mechanical  Engineering 
University  of  Illinois 

Mechanical  Engineering  Laboratory 

RESULT  SHEET 

STEEL  HEATING  BOILER  AND  AUTOMATIC  COAL  STOKER 

(For  dimension  data  see  text) 
Also  see  Fig.  8  for  elevation  view  of  stoker-boiler  unit  as  tested 


No. 


1. 

2. 
3. 
4. 

5. 


Name  of  Item 
(With  Units) 


as 


Date  of  test 

Duration  of  test,  hrs 

Kind  of  coal 

Size  of  coal 

Proximate  analysis  of  coal 
fired: 

Fixed  Carbon,  per  cent. . . 

Volatile  Matter,  per  cent . 

Moisture,  per  cent 

Ash,  per  cent 

Sulphur,  separately  det .  . 
Calorific  value  of  coal  as  fired  by 
oxygen  bomb  calorimeter,  B.t.u. 
per  lb 


1 


April  17 

1930 

6 


43.44 
37.02 

7.10 
12.44 

4.42 


11,133 


Trial  Number 
2  3 


April  18       April  22 

1930  1930 

7  8.25 

Illinois    Coal 

IJ^-inch  Screenings 


42.69 
36.38 

8.70 
12.23 

4.35 


11,036 


42.12 
35.91 

9.89 
12.08 

4.29 


10,892 


April  23 

1930 

9 


42.56 
36.28 

8.98 
12.18 

4.33 


11,002 
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Table  4  (Continued) 


No. 

7. 
8. 


Name  of  Item 
(With  Units) 


9. 
10. 
11. 
12. 
13. 
14. 

15. 
16. 
17. 
18. 

19. 

20. 

21. 
22. 
23.  I 


Trial  Number 

1 

2 

3 

4 

12,088 

12,088 

1 

12,088 

12.088 

60.63 

59.58 

58.78 

'      59  40 

4.62 

4.53 

4.48 

4  52 

8.73 

8.58 

8.47 

8  56 

2.06 

2.03 

2.01 

i         2.03 

4.42 

4.35 

4  29 

4.33 

7.10 

8.70 

9.89 

1         8.98 

12.44 

12.23 

12.08 

12.18 

3.14 

2.76 

2.83 

3.2 

29.26 

29.51 

29.54 

29  46 

17.50 

17.30 

17.33 

17.65 

2.58 

1.92 

1.20 

0  56 

0.097 

0.115 

0.123 

0.102 

0.135 

0.141 

0.124 

0.104 

0.196 

0.179 

0.143 

1        0.100 

65.9 

47.4 

46.4 

49.3 

85.7 

81.0 

75.5 

1       ''' 

475 

432 

357 

1    303 

220.9 

220.7 

220.5 

221-1 

205.1 

201.3 

195.6 

182.9 

737.63 

647.75 

525.62 

296  92 

5119 

4502            > 

3658 

2078 

20 

8.25 

8.5 

1        8  0 

Calorific  value  dry  coal,  B.t.u. 

per  lb 

Ultimate  analysis  of  coal  as 
fired: 

Carbon,  per  cent 

Hydrogen,  per  cent 

Oxygen,  per  cent 

Nitrogen,  per  cent 

Sulphur,  per  cent 

Moisture,  per  cent 

Ash,  per  cent 

Steam  pressure,  lb.  sq.  in.  gage. 

Barometer,  in.  Hg 

Steam  pressure,  lb.  sq.  in.  abs. . 
Pressure  in  wind  box,  in.  water 

Draft  in  furnace,  in.  water 

Draft  in  front  smoke  box,  in. 

water 

Draft  at  smoke  outlet,  in.  water. 
Temperature  outside  air,  deg.  F. 
Temperature  air  of  room,  deg.  F. 
Temperature    gases    at    smoke 

outlet,  deg.  F 

Temperature  steam  leaving 

boiler,  deg.  F 

Temperature  feedwater  at  meas- 
uring tank,  deg.  F 

Total  inches  of  water  fed 

Total  weight  of  water,  lb 

Total  weight  of  water  from  sep- 
arator, lb 

(Note  that  heat  loss  from  separator  accounts  for  about  0.9 
lb.  of  condensate  per  hour.) 


24.  'Quality  of  steam 

25.  iTotal  factor  of  evaporation.  .  .  . 

26.  Total    equivalent    evaporation, 
lb 

27.  Total  weight  of  coal  fired,  lb.  .  . 

28.  Total  weight  of  ash  and  refuse, 
lb..... 

29.  Analysis  of  ash  and  refuse: 

Moisture,  per  cent 

Volatile  matter,  per  cent .... 

Fixed  carbon,  per  cent 

Elarthy  matter,  per  cent .... 

30.  i Stoker   in   operation,   time   psr 
icent 


0.997 
1.007 


5154 
683 


51.75 

0.16 

0.00 

7.86 

91.98 


1,00 
1.014 

4570 
610.5 

62.5 

0.07 

0.00 

4.46 

95.47 


1.00 
1.020 

3733 
494.5 

51.0 

0.03 

0.00 

5.15 

94.82 


1  00 
1.033 


2146 
268 


22.75 

0.04 

0.00 

3.19 

96.87 


(Note  stoker  operated  with  "on  and  off"  control  for  vari- 
able periods  of  time,  and  also  stoker  operated  at  variable  rate^? 
of  feed  during  the  "on"  periods,  depending  on  operating  load.) 

31.    Interval    between    raking    fire. 


32. 
33. 
34. 


mms 

Interval  between  cleaning  fire, 

hours 

Average  height   water  in   gage 

glass,  in 

Equiv.  evap.  per  hour,  lb 


71.2 

46.0 

53.0 

66 

6 

3.5 

8 

9 

0.77 
859.1 

0.78 
653 

0.75 
453 

0.73 
238.5 
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Table  4  (Continued) 


No. 


35. 
36. 


37. 

38. 

39. 
40. 

41. 

42. 


43. 


Name  of  Item 
(With  Units) 


1 

Trial  Number 
2                   3 

4 

113.8 

87.2 

60.0 

29.8 

3.79 

2.90 

2.00 

0.99 

3.56 

2.71 

1.88 

0.99 

7.55 
3475 

7.49 
2643 

7.55 
1832 

8.07 
962 

95.7 

72.8 

50.4 

26.5 

65.9 

66.0 

67.3 

71.2 

44. 


45. 


Coal  fired  per  hour,  lb 

Pounds  of  coal,  per  hour,  per  cu. 
ft.  of  furnace  and  combustion 

chamber  volume 

Equiv.  evap.  per  sq.  ft.  of  heat- 
ing surface  per  hour,  lb 

Equiv.    evap.    per   lb.    of   coal 

fired,  lb 

Capacity  developed,  sq.  ft.  rad . 
Percentage  of  capacity  devel- 
oped   

Efficiency  of  boiler  with  stoker, 

per  cent 

Flue  gas  analysis,  stoker  in  oper- 
ation: 

(Note  that  with  "on  and  off  "  operation  of  s^toker  average  flue 
gas  analyses  mean  very  little.  The  COj  values  are  given  only 
for  periods  when  the  stoker  was  "on."  In  the  last  test,  the 
COa  for  stoker  "on"  and  "off'.'  dropped  to  8.1  per  cent.  Simi- 
lar reductions  were  observed  in  the  first  three  tests  for  "on" 
and  "off"  operation.) 

Carbon  dioxide,  per  cent ....  11.5  11.1  10, 8 

Oxygen,  per  cent 7.3  8.4  9.1 

Carbon  monoxide,  per  cent . .  0.4  0.1  0.0 

Hydrogen,  per  cent 0.15  0.1  0.0 

Nitrogen,  per  cent 80.65  80.3  80.0 

Smoke  data: 

Periodic  and  regular  observations  of  the  smoker  were  not 
taken.  In  general,  smoke  of  number  1  and  2  grade  appeared 
only  when  the  fire  was  disturbed  or  when  the  stoker  cut  into 
operation.  For  the  major  portion  of  the  time  of  observations 
the  stack  was  smokeless  or  very  nearly  smokeless. 

Average  kw.  per  hour  to  operatel        0.433    I       0.51      1     0.357      | 

(Note  smaller  value  in  column  1  at  full  load  is  due  to  better 
position  of  motor  brushes  with  motor  operating  at  full  speed.) 

Cost  per  hour  to  operate  stoker 
and  fan  unit  at  7c  per  kw.  hr., 
cents  per  hour 


3.0 


3.6 


2.5 


10.8 
9.1 
0.0 
0.0 

80.1 


0.21 


1.5 


Also  see  Fig.  9  for  graphical  log  of  test. 


UTILIZATION  OF  BASIC  INFORMATION  IN  FUTURE 

MARKET  PRACTICE 

By  F.  C.  Honnold  ^ 

THE  PRESENT  MARKET  SITUATION 

None  but  those  actively  participating  in  the  production,  sale,  trans- 
port and  final  distribution  of  Illinois  coal  are  apt  to  realize  the  extent 
and  variety  of  the  embarrassment  that  confronts  its  operators  aiiJ 
miners,  or  that  of  individuals  and  concerns  who  are  or  have  been  the 
consumers  of  Illinois  coal.  A  very  brief  presentation  of  a  few  out- 
standing factors  that  have  brought  this  condition  about  seems  essential 
in  order  that  what  is  said  later  on  may  be  better  understood. 

The  Competitive  Situation 

The  Chicago  switching  district  is  the  largest  coal-consuming  center 
in  the  world.  Forty  per  cent  or  more  of  the  total  railroad  mileage  of 
the  United  States  centers  there.  As  among  all  cities  of  first  magnitude, 
it  is  also  nearest  the  exact  center  of  the  country's  manufacturing  in- 
dustry, agricultural  production,  and  general  population. 

Because  of  these  facts  probably  no  like  area  anywhere  in  the  coun- 
try produces  and  ships  either  so  much  or  so  wide  a  variety  of  manu- 
factured products  as  moves  out  of  that  section  including  Illinois,  south- 
ern Wisconsin,  the  eastern  half  of  Iowa  and  that  part  of  Missouri  north 
of  a  line  from  Kansas  City  to  St.  Louis.  It  is  very  easy  to  understand 
why  competition  among  fuels  of  all  kinds  and  from  an  extreme  number 
of  points  of  origin  should  exist  constantly  within  this  outlined  territon. 
which  constitutes  the  primary  market  for  our  coal. 

Labor 

During  the  period  from  1920  to  the  fall  of  1928,  the  labor  situation 
in  the  Illinois  coal  industry  w-as  at  all  times  a  serious  handicap.  Based 
on  the  present  wage  contract,  expiring  March  31st,  1932,  our  position 
would  appear  much  improved  and  definitely  more  promising,  although 


*  Secretary -Treasurer,   Illinois   Coal   Bureau,   Chicago,   IlHnoi<(. 
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disturbing  confusion  still  prevails.  We  are  sincerely  hopeful  that  labor 
may  in  the  early  future  become  and  thereafter  continue  more  depend- 
able. 

The  experience  of  Illinois  miners  during  recent  years  has  made 
them  realize  that  if  they  are  to  succeed,  they  must  recognize  and  fully 
discharge  their  direct  obligation  to  the  public  whom  in  reality  they  serve. 
They  are  now  fully  aware  that  constantly  erratic  and  uncertain  opera- 
tion of  Illinois  mines,  because  of  local  and  state-wide  strikes,  has  hurt 
them  as  directly  as  anyone  else,  possibly  more  so.  They  also  now  know 
that  the  long  continued  demand  for  an  impossible  wage  rate  and  re- 
strictive operating  practices  made  it  increasingly  difficult  to  a  point  of 
ultimate  impossibility  for  Illinois  coal  to  compete  in  the  markets. 

Their  change  of  viewpoint  can  be  understood  when  it  is  remem- 
bered that  87  cents  of  every  dollar  spent  in  the  production  of  a  ton  of 
coal,  at  shaft  mines,  goes  directly  to  labor,  either  in  the  form  of  wages, 
dues  paid  to  their  union,  or  amounts  expended  in  their  behalf  under  the 
Compensation  Act.  In  few  if  any  other  industries  does  labor  participate 
so  directly  in  the  sale  price  at  the  point  of  delivery  of  the  raw  com- 
modity which  they  produce. 


Illinois  Coal  Producing  Companies 

Regardless  of  the  fact  that  those  operators  producing  and  sending 
to  the  commercial  market  the  larger  volume  of  Illinois  coal  are  already 
providing  a  very  superior  product,  as  to  removal  of  impurities  and  care- 
ful preparation  and  sizing  of  their  coal,  they  realize  the  importance  of 
maintaining  always  the  highest  possible  standards  of  practice  in  these, 
as  well  as  in  other,  respects,  in  order  that  the  quality  of  their  coal  may 
be  maintained  at  a  high  level.  To  this  they  commit  themselves  and 
will  in  the  future,  as  in  the  past,  seek,  through  cooperation  with  their 
miners  and  by  every  means,  to  maintain  a  high  standard  and  to  be  con- 
stantly on  the  lookout  for  new  and  better  ways  of  discharging  their 
function  as  dependable  service  agents,  which  in  reality  is  an  exact  defini- 
tion of  their  status.  The  bulk  of  the  money  paid  by  coal  consumers — 
at  the  average  destination  where  final  delivery  is  made  in  car  lots — goes 
to  the  miner  for  wages  and  to  the  railroads  for  freight.  It  is  a  very 
rare  year  when  a  producing  coal  company  receives  for  its  service  as 
much  as  five  cents  out  of  each  dollar  paid  by  the  ultimate  destination 
car-lot  buyer.  Further,  it  should  not  be  forgotten  that  an  average  of 
about  40  per  cent  of  the  total  annual  production  at  an  Illinois  mine  fails 
to  return  even  its  cost.  This  applies  to  all  coal  passing  through  a  two- 
inch,  round,  screen  opening. 
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\4  research  needs  of  illinois*  coal  industry 

Freight  Rates  and  Transportation 

Although  this  is  not  a  subject  to  be  dwelt  upon  in  detail  at  a  con- 
ference of  this  character,  some  brief  mention  of  this  important  factor 
in  the  present  situation  is  essential.  (1)  That  the  cost  of  coal  trans- 
portation, considering  an  average  of  all  destinations,  exceeds  the  price 
paid  for  coal  at  the  mine,  should  always  be  held  carefully  in  mind. 
(2)  The  further  coal  is  hauled,  the  higher  its  cost,  and  there  are  no 
heat  units  in  a  freight  bill. 

These  two  facts  make  clear  that  discriminatory  or  prejudicial  rates 
as  between  producing  fields  may  become  destructive  and  produce  disas- 
trous results  to  the  welfare  of  any  state  whose  own  coal  production  is 
substantial. 

Illinois  coal  producers,  Illinois  miners,  and  a  very  large  part  if 
not  a  majority  of  the  consumers  of  Illinois  coal  feel  strongly  that  the 
changes  and  readjustments  of  freight  rates  affecting  Illinois  coal  have 
since  the  war  been  inequitable  and  more  or  less  unjust.  At  all  events 
they  have  been  the  direct  occasion  of  a  very  large  loss  of  tonnage  that 
might  have  moved  from  Illinois  mines. 

The  grant  (in  1924),  under  authorization  of  the  Interstate  Com- 
merce Commission,  of  joint  through  rates,  permitting  a  wide  variety  of 
eastern  non-union  coal  to  move  to  an  extremely  wide  western  destina- 
tion area,  extending  well  beyond  the  Mississippi  river,  might  seem  to  be 
in  very  definite  violation  of  economic  propriety  closely  approaching  a 
serious  discrimination  between  coal  producing  states. 

We  shall  not  dwell  longer  on  this  subject  because  certain  very  im- 
portant cases  bearing  on  this  precise  situation,  which  we  feel  so  seriously 
affects  the  welfare  of  Illinois,  go  to  hearing  early  in  June  and  will  prob- 
ably at  that  time  be  the  subject  of  sufficient  general  publicity  to  ad- 
vise all  of  those  who  are  directly  interested. 

Present  Situation 

The  present  situation  in  the  Illinois  coal  industry  is  one  of  revolu- 
tionary, social  and  economic  readjustment.  Such  a  change  always 
comes  slowly.  This  is  due  to  the  fact  that  the  great  majority  of  the  peo- 
ple do  not  take  seriously  and  consequently  know  little  about  those  larger 
economic  questions  that  often  so  vitally  affect  their  own  immediate  wel- 
fare. 

Figure  10  portrays  the  geographic  situation  of  the  Illinois  coal 
field  with  regard  to  lines  of  transportation  and  the  country's  centers 
of  (1)  manufacture,  (2)  population,  and  (3)  agriculture. 

There  must  be  widespread  reliable  information  that  will  stimulate 
intelligent  public  thought  and  careful  consideration  in  and  out  of  Illi- 
nois, with  respect  fn  possible  serious  future  consequences  that  may  de- 
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velop  from  present  careless  neglect  of  the  welfare  of  the  coal  produc- 
ing industry  in  Illinois.  For  our  purposes  we  are  perfectly  willing  to  ac- 
cept the  estimate  of  Mr.  Garcia  as  to  the  amount  of  the  unmined  coal 
reserves  still  available  in  our  state.  The  area  in  which  it  is  found 
(42,000  sq.  miles)  is  larger  than  that  in  any  other  state.  That  this 
volume  of  coal  is  near  by  and  accessible  on  short  freight  hauls  to  what 
will  undoubtedly  be  the  largest  coal  market  and  general  trade  area  of 
the  country  for  many  years  to  come,  guarantees  a  dependable  fuel 
supply  for  a  good  many  hundred  years.  This  great  treasure  also  can, 
w^hen  properly  handled,  and  with  very  few  exceptions,  do  all  that  any 
fuel  can  do  and  at  substantially  less  cost.  It  is  for  those  reasons  by  far 
the  most  valuable  resource  the  state  has.    Coal  gone  cannot  be  replaced. 

This  near-by  coal  reserve  deserves  the  protection  of  every  mid- 
western  consumer  of  this  coal  against  every  unwarranted  competitive 
assault. 

It  is  the  settled  belief  of  Illinois  coal  producers,  following  a  very 
careful  survey  and  study  of  all  other  competing  coal  producing  dis- 
tricts, that  in  no  other  state,  taken  in  its  entirety  and  the  average  coa! 
quality  considered,  has  there  been  during  so  long  a  period  such  positive 
and  definite  elimination  and  restriction,  both  in  the  number  of  operating 
mines  and  the  number  of  workmen  thrown  into  idleness  during  the  past 
decade. 

Enough  has  been  said  here  to  adequately  outline  a  present  status 
and  to  suggest  why  we  at  this  time  urge  so  strongly  the  mutual  par- 
ticipation and  assistance  of  all  parties  concerned,  as  a  simple  matter  of 
enlightened  self  interest. 

FUTURE  MARKET  PRACTICE 

With  such  prelude  we  come  to  the  direct  consideration  of  those 
things  suggested  by  the  published  title  of  this  paper,  "Utilization  of 
Basic  Information  in  Future  Market  Practice."  We  list  below  twelve 
items  on  which  we  shall  require  continuing  information  and  eflFort. 
These  have  not  been  set  forth  in  the  order  of  their  importance  since 
each  of  them  will  as  to  their  importance  vary  from  time  to  time,  but 
each  alike  should  have  constant  attention : 

1.  Labor. 

2.  Intelligent  constructive  activities  by  producing  companies. 

3.  Transportation  conditions,  rates  and  other  incidental  factors. 

4.  Awakening  education  and  fact  data  to  direct  coal  users. 

5.  Smoke  abatement. 

6.  Combustion  engineers. 

7.  Increase  of  combustion  engineer  personnel  and  service. 
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8.  Constant  active  effort  by  universities  and  technical  high  5>ch<MjI>, 

through  research,  testing  laboratories  and  shops,  along  practioil 
lines. 

9.  Informative,  instructive  bulletins  of  direct  appeal  to  home  owners. 

10.  Close  cooperation  along  all  practical  lines  of  community  intere>t 

with  the  makers  of  all  types  and  kinds  of  approved  or  promising' 
coal  burning  equipment,  consuming  either  large  or  small  annuii! 
volume  of  Illinois  coal. 

11.  Continued  publicity  by  each  of  the  above  specified  groups,  as  wc'l 

as  closely  C(>oi)erative  and  synchronized  effort  between  relatcJ 
groups. 

12.  An  annual  conference  in  which  there  should  be  effective  particifia- 

tion  of  all  midvvestem  interests  for  the  purpose  of  making  care- 
ful presentation,  canvass,  and  to  the  maximum  possible  extent 
determination  covering  proved  and  demonstrated   facts  of  the 
preceding  year  and  outlining  activities  for  the  succeeding  year. 
Elimination  to  the  greatest  possible  extent  of  all  friction  as  be- 
tween such  groups  with  the  single  purpose  constantly  held  in 
mind  that  we  all  alike  seek  to  promote  and  guarantee  the  efficient 
and  economical  use  of  Illinois  coal  to  the  greatest  possible  lienefit 
and  convenience  of  the  men  who  mine  and  transport  it,  the  local 
distributor  and  those  who  use  it — all  to  the  welfare  of  this  mid- 
western  section  of  the  country  which  is  our  home,  not  forgetting 
that  "where  the  home  is  the  heart  is"  (or  should  be). 
The  first  three  of  these  listed  subjects  have  already  been  sufficiently 
discussed,  or  if  not,  and  having,  after  the  fashion  of  a  Congressman 
"leave  to  print,"  may  be  elaborated  in  a  bulletin  which  we  hope  to  have 
issued  promptly.     The  next  seven  items  are  those  in  which  the  Uni- 
versity of  Illinois  can  be  directly  and  indirectly  very  helpful,  and  in 
undertaking  to  cooperate  in  the  work  contemplated  will  be  rendering  a 
direct  and  highly  important  service  to  the  public  of  Illinois,  which  sup- 
ports this  institution. 


Awakening  and  Education  of  the  Public 

Much  effort  through  every  possible  agency  can  and  should  be  made 
to  inform  the  public  intelligently  and  honestly  of  exact  facts.  A  large 
part  of  humanity,  possibly  a  majority,  are  inclined  "to  follow  the 
leader."  Numerous  illustrations  of  this  fact  have  gradually  developed 
with  respect  to  the  use  of  Illinois  coal.  One  of  these  was  and  still  is  a 
growing  antagonism  to  the  purchase  of  our  coal  because  of  the  erratic 
operation  of  our  mines,  the  causes  of  which  have  been  previously  men- 
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tioned.     The  long  continued  relatively  high  price  of  Illinois  coal  has 
been  another  factor. 

The  public  is  not  concerned  with  the  wage  rates  paid  to  Illinois 
union  miners,  or  that  on  four  different  occasions  Illinois  wage  contracts 
were  negotiated  by  the  government,  reaching  a  maximum  peak  eighteen 
months  after  the  armistice;  nor  that  this  post-war  high  wage  rate  was 
paid  continuously  for  almost  nine  years  thereafter.  The  last  three  years 
it  was  paid  only  in  Illinois,  almost  every  other  unionized  district  having 
meanwhile  entirely  or  in  part  abandoned  or  in  some  way  divorced  it- 
self from  the  miners'  union.  Illinois  laws  deny  its  coal  operators  any 
such  privilege. 

Neither  is  the  coal  consuming  public  at  all  concerned,  except  as  it 
is  reflected  in  their  coal  cost,  with  the  fact  that  freight  rates  have  ad- 
vanced very  substantially  and  still  remain  to  the  great  majority  of 
destinations  7.S  per  cent  or  more  above  pre-war  levels. 

Whatever  the  cause  may  be  that  raises  the  price  of  any  commodity 
or  article,  there  is  an  instant  effort  to  economize  or  to  substitute  some- 
thing else.  Thus  with  the  price  on  Illinois  coal  held  for  a  long  continued 
period  above  any  previous  price  levels,  and  with  the  non-union  sections 
of  the  country  able  promptly  to  reduce  their  mine  production  cost  50 
to  75  cents  or  more  per  ton,  the  consuming  public,  regardless  of  the 
higher  freight  rate  on  eastern  coal,  grew  more  and  more  antagonistic  to 
our  Illinois  product. 

It  was  believed  that  regularity  of  Illinois  mine  operation  could  not 
be  relied  upon  but  that  regular  and  prompt  service  could  be  provided 
from  eastern  coal  producing  districts.  Many  large  coal  consumers 
either  did  not  desire  to  or  could  not  store  coal.  They  also  felt,  as  a  part 
of  their  grievance  against  the  Illinois  coal  industry,  that  their  being 
compelled  to  store  large  amounts  of  coal  while  mines  were  idle  on  ac- 
count of  strikes  was  unfair,  unjust,  and  should  not  be  tolerated.  Mean- 
while, railroad  service  becoming  more  and  more  adequate,  it  was  fig- 
ured that  regular  receipt  of  an  adequate  supply  largely  if  not  entirely 
justified  their  payment  of  additional  transportation  cost  through  and  by 
which  they  could  either  eliminate  or  greatly  reduce  storage  and  in- 
cidentally register  their  dissatisfaction. 

The  general  public  of  this  midwest  section  should  know  and  fully 
understand,  each  coal  consumer  for  himself,  the  lack  of  justification 
for  going  abroad  for  his  coal  requirements  and  that,  in  "following  the 
leader,"  he,  as  a  consumer,  as  well  as  the  community  and  state  in  which 
he  lives,  suffers  a  direct  economic  loss  as  a  result  of  his  lack  of  informa- 
tion or  misapprehension  of  facts. 
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Smoke  Abatement 

Smoke  abatement  has  been  another  very  large  factor,  which  iii  con- 
nection with  public  indifference,  has  made  publicity  and  an  educational 
program  not  only  desirable  but  imperative.  There  is  a  growing  demand 
for  the  elimination  of  smoke.  That  Illinois  coal  shall  be  succcssfulh 
and  economically  consumed  and  without  making  smoke,  tnust  and  can 
be  guaranteed.  It  is  because  the  coal  from  our  state  cannot  in  the  ordi- 
nary practice  of  the  great  majority  of  consumers,  be  hand-fired  without 
the  development  of  smoke,  that  so  large  an  increase  in  the  volume  of 
eastern  coal  has  moved  into  this  state  during  the  past  half  dozen  years. 

After  the  fashion  that  distance  lends  enchantment,  and  that  the 
cow  will  risk  the  laceration  of  her  neck  getting  her  head  through  the 
barbwire  to  eat  grass  no  better  than  that  in  her  own  pasture,  the  belief 
is  very  widely  held  that  any  or  all  eastern  coals  can  in  the  same  care- 
less fashion  of  many  years  back  be  burned  smokelessly.  This  is  not 
the  fact.  There  must  be  exercised  as  much  selective  care  in  the  pur- 
chase of  eastern  coal  with  respect  to  its  being  smokeless  or  having  ex- 
ceptional heat  value,  low  ash  and  low  sulphur,  as  should  be  exercised  in 
the  purchase  of  coal  from  any  other  source. 

To  secure  positive,  certain  value  and  permanent  results  in  the  way 
of  maximum  fuel  economy,  with  need  for  less  labor  and  permitting 
increased  mechanical  control  and  the  elimination  of  smoke,  every  cod 
consumer  should  at  once  give  careful  consideration  to  the  benefit  he  can 
derive  from  reconditioning  his  plant  to  secure  such  benefit.  In  the  de- 
velopment of  power  or  heat  and  where  the  factor  of  special  use  and  re- 
quirement does  not  enter,  there  is  no  doubt  that  the  nearby  coals  are  the 
best  fuel  for  the  people  in  this  midwest  section.  A  majority  of  the  larger 
steam  coal  users  of  Illinois  have  known  this  for  many  years.  It  is  the 
smaller  users  whose  requirements  range  from  lo  to  200  tons  a  year 
who  are  not  azvare  of  this  fact.  A  very  large  amount  if  not  a  ma- 
jority of  eastern  coal  moving  into  the  Illinois  and  adjacent  areas 
west,  occasions  many  direct  and  indirect  losses  to  consumers  and  to 
the  communities  into  which  it  moves.  Whenever  and  whercztcr  a  fuel 
consumer  can  replace  or  recondition  his  equipment  for  its  proper  com- 
bustion, Illinois  coal  will  make  possible  a  minimum  satnng  of  from  50 
to  75  cents  per  ton  as  compared  zvith  any  eastern  coal.  In  addition  such 
a  consumer  will  have  established  fuel  economy  through  the  use  of 
nearby,  short-haul  coal  and  will  also  have  done  his  bit  in  the  elimination 
of  smoke. 

Ashes  and  other  non-combustibles  present  in  all  coal  must  be  reck- 
oned with,  however  or  whatever  coal  or  coke  is  burned.  The  number 
of  people  willing  to  provide  necessary  attention  to  meet  and  dispose  of 
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this  handicap  of  coal  will  outnumber  those  who  prefer  to  burn  high-cost 
smokeless  fuels  (gas,  oil,  anthracite  and  coke)  by  several  hundred  to 
one.  It  is  logical  to  conclude,  based  on  the  natural  desire  to  save  money, 
that  this  larger  percentage  of  people  will  not  shrink  from  the  use  of 
nearby  coal,  even  though  it  involves  some  attending  effort,  if  through 
the  use  of  small  stokers  they  can  eliminate  smoke,  be  provided  with 
automatic  firing  and  some  dependable  form  of  heat  control,  with  longer 
periods  between  firing  and  with  the  removal  of  ash  made  easy. 

Combustion  Engineers  and  Other  Personnel 

To  accomplish  anticipated  results  means  we  must  have  an  increas- 
ing demand  for  the  advice  and  service  of  combustion  engineers.  The 
new  day  for  increasing  successful  and  economical  use  of  the  mid-volatile 
coal  of  Illinois  will  require  widespread  diffusion  to  the  public  of  certain 
simple  but  vital  facts  with  respect  to  the  proper  and  intelligent  use  of 
coal. 

The  American  public  must  be  shown.  What  they  can  see,  and 
watch  in  action,  most  quickly  engages  and  stimulates  their  thoughts  and 
ultimate  decisions.  Those,  therefore,  who  will  read,  must  be  provided 
written  text.  Those  who  do  not  or  will  not  read  must  be  shown  bv 
exhibitions  or  individual  demonstrations. 

It  is  for  this  reason,  that  with  the  development  of  automatically 
controlled,  mechanical  coal-feeding  units,  there  will  be  required  the 
earliest  possible  training  by  our  universities  and  other  competent  agen- 
cies, of  a  rapidly  increasing  personnel.  The  genius  who  may  devise  an 
instrument  or  the  earnest  student  who  may  discover  a  fact  or  principle, 
renders  very  high  service  to  humanity  but  such  benefits  could  never  be 
brought  finally  to  the  public  without  the  many  thousands  of  people  who 
constitute  the  well  organized  personnel  of  any  industry  exploiting  such 
idea  or  device. 

It  also  seems  desirable  that  we  shall  to  the  greatest  possible  extent 
avoid  the  mistakes  and  errors  that  occurred  to  the  very  great  detriment 
of  the  oil  burner  manufacturers  when  their  devices  were  first  offered. 

It  seems  most  desirable  to  project  our  work  after  the  fashion  of  a 
clinic  rather  than  an  experiment.  Experimentation  after  installation, 
at  the  expense  of  the  public,  should  be  to  the  greatest  possible  extent 
avoided. 

The  Task  of  Universities  and  Technical  Schools 

We  must,  therefore,  at  the  outset,  look  to  our  universities,  technical 
schools,  research  laboratories,  operating  exhibits,  and  other  helpful 
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agencies  for  assistance  towards  the  development  of  this  required  ar.«] 
adequate  personnel.  Technical  research,  other  than  i)revious  findinj:- 
already  available,  probably  will  be  of  least  essential  value  to  us  in  meet- 
ing our  immediate  needs.  Such  research  should  be  of  substantial  valm 
later  on  and  on  that  account  should  Ix;  encouraged,  but  only  after  cart- 
ful determination  of  objectives. 

Extensive  research  and  experimental  plants  have  already  provol 
quite  definitely  that  many  suggested  and  theoretical  methods  for  \W 
transformation  and  use  of  coal,  as  well  as  its  cheaper  transportation 
from  point  to  point,  are  for  future  use,  being  impractical  for  prestni 
utilization  because  of  extreme  cost  of  installation  and  operation,  exrrj't 
in  very  occasional  instances. 

Present  developed  information  with  respect  to  vital  and  essenibi 
combustion  principles  and  general  practices,  together  with  a  comfortin;: 
number  of  engineers  skilled  along  these  lines,  must  be  our  first  line  ni 
defense  with  an  increasing  personnel  coming  along,  varying  soniewhai 
in  the  precise  character  of  their  training.  Some  of  them  must  be  re- 
cruited as  rapidly  as  possible,  particularly  for  early  utilization  as  sen- 
ice  men,  through  short  courses  both  at  our  universities  and  technical 
high  schools. 

For  this  reason  whatever  attempts  we  shall  make  now  should  be 
prompt  and  definitely  practical.  They  should  contemplate  the  best  ix)>- 
sible  utilization  of  Illinois  raw  coal,  and  facts  along  this  line  should  bt 
made  available  to  the  coal  consuming  public  at  the  earliest  possible  mo- 
ment. This  means  that  our  thought  runs  particularly  to  the  present 
helpfulness  of  mechanical  and  combustion  engineers,  in  and  out  of  col- 
leges, through  their  shops  and  testing  laboratories,  utilizing  to  the  hcj^t 
advantage  our  present  accumulated  fact  data  on  proved  combusti<ni 
practice  and  the  maximum  serviceability  and  economy  of  our  own  near- 
by coal,  for  the  present  in  its  raw  state. 

Cooperation  with  Makers  of  All  Types  and  Kinds  of  Appkovw) 

Coal  Burning  Equipment 

That  this  is  important  and  desirable  goes  without  saying.  The 
producers  of  coal  or  other  raw  commodities  are  in  very  few  instances 
in  position  financially  or  otherwise  to  provide  other  than  deliver}'  <>f 
product  at  their  own  plants.  They  cannot  manufacture,  install  devices 
for  use,  or  instruct  directly  as  to  proper  utilization. 

They  can,  however,  and  should  cooperate  with  the  above  named 
intermediaries  who  stand  between  them  and  the  ultimate  consumer  be- 
cause each  of  them  constitutes  a  very  important  service  element  and 
each  should  understand  fully  the  problem  of  the  other. 
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Many  prospective  stoker  concerns,  in  undertaking  to  exploit  what 
seems  to  them  "the  last  word"  in  the  way  of  mechanical  sufficiency, 
often  will  find  later  on  that  they  did  not  fully  understand  or  anticipate 
the  difficulties  to  be  met,  in  design,  in  finance,  or  in  salesmanship  and 
after  more  or  less  brief  struggle,  will  be  eliminated  by  the  competition 
of  more  eflfective  units.  With  proper  cooperative  arrangement,  every 
individual  or  concern  contemplating  the  exploitation  of  any  device 
might  be  assured  an  opportunity  of  having  his  oflfering  carefully  studied 
and  considered  by  neutral  counsel  who  will  have  no  competitive  reason 
for  neglecting  or  failing  to  recognize  any  merit  his  proposed  enterprise 
may  possess.  If  worth  while,  what  he  offers  will  receive  its  due  share 
of  recommendation  and  if  unworthy  or  inadequate,  he  will  from  such 
counsel  probably  be  protected  against  unnecessary  loss.  In  either  event, 
the  public  will  be  greatly  benefited. 

Publicity  to  Be  Synchronized 

Publicity  is  such  a  widely  diversified  and  highly  specialized  factor 
in  business  that  any  attempt  to  discuss  its  various  ramifications  as  they 
might  apply  to  the  welfare  of  the  various  groups  herein  concerned,  is 
not  only  folly  but  impossible. 

The  single  thought  here  presented  for  careful  consideration  is  the 
very  great  desirability  of  synchronization  of  thought,  that  all  statements 
made  shall  be  facts,  on  which  policy  alone  the  publicity  of  all  of  us  will 
be  solidly  based. 

There  is  a  constant  recurring  tendency  to  overstate  facts  and  to 
guarantee  beyond  proved  possibility  to  perform.  Such  a  procedure  is 
very  apt  to  bring  about  early  failure  which  not  only  eliminates  the  of- 
fending individual  but  prejudices  an  entire  enterprise  such  as  that  upon 
which  zve  nozv  are  embarking.  There  are  ample  proved  certainties  as 
to  ivhat  can  be  done  zvith  Illinois  coal,  used  in  a  properly  designed  and 
serviced,  mechanically-fired  device,  to  fully  justify  the  public  adoption 
of  such  new  methods  for  the  use  of  nearby  coal.  Those,  therefore,  who 
seek  to  accelerate  sale  by  exaggeration  or  by  vague  and  unwarrantable 
statements,  become  at  once  an  outstanding  menace,  hence  the  suggestion 
of  synchronization. 

Annual  Conferences 

There  can  be  little  amplification  of  what  has  been  previously  stated. 
A  properly  conducted  conference  can  be  made  very  inspiring  and  of 
definite  potential  value.  There  are  many  who  work  painstakingly,  alone 
and  with  great  care,  stimulated  by  the  hope  that  they  may  learn  some 
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new  fact  or  discover  some  new  device  or  method  that  will  benefit  the 
public  through  some  industry  and  its  allied  crafts.  They  labor  with  a 
germinating  idea  and  possibly  carry  their  findings  to  kindred  spirits  for 
incidental  counsel,  advice  and  suggestions  until  finally  something  defi- 
nitely worth  while,  even  if  not  perfect,  is  evolved.  Periodic  conferences 
where  their  several  offerings  of  partial  or  total  accomplishment  may  k 
submitted  for  discussion  by  or  approval  of  their  equals,  naturally  resui: 
in  advancement  in  all  lines  of  work  and  it  is  thus  that  our  countn'  as  a 
whole  has  made  such  giant  strides  in  the  advancement  of  its  general 
welfare,  with  an  increased  feeling  of  security,  comfort,  contentment  and 
greatly  enlarged  enrichment  of  life. 


THE  CHEMISTRY  OF  ILLINOIS  COAL 
A  Review  and  a  Forecast 

By  S.  W.  Parr  i 

Without  question,  the  boundary  of  the  State  of  Illinois  circum 
scribes  the  greatest  coal  deposit  in  the  world. 

By  way  of  very  brief  retrospect,  it  is  appropriate  that  a  few  mile- 
stones or  "high  spots"  along  the  way  be  pointed  out. 

First — and  without  elaboration,  for  it  needs  none,  let  us  quote  from 
the  first  paragraph  of  the  admirable  bulletin  by  A.  Bement  ^  as  follows: 

"It  was  in  Illinois  that  the  first  recorded  discovery  of  coal  was  made 
on  the  North  American  continent." 

Second — from  the  bulletins  and  publications  of  the  Survey,  and 
also  from  the  estimates  contained  in  the  Report  of  the  12th  Inter- 
national Geological  Congress — Canada,  1913 — it  may  be  seen  that  this 
Illinois  area,  extending  slightly  over  into  Indiana  and  into  Western 
Kentucky,  exceeds  nearly  three  times  the  total  area  of  all  Europe,  in- 
cluding that  of  the  British  Isles,  and  further,  that  the  tonnage  reserve 
credited  to  this  Illinois  area  exceeds  by  one-third  the  total  tonnage 
credited  to  Pennsylvania  and  West  Virginia,  combined. 

Third — ^no  serious  study  of  a  chemical  nature  had  been  made  on  the 
coals  of  Illinois  previous  to  the  year  1904.  A  small  amount  of  chemical 
information  was  in  existence  previous  to  that  date  but  it  was  entirely 
analytical  in  character  and  gave  no  information  other  than  to  tell  the 
percentage  of  moisture,  ash,  volatile  matter,  fixed  carbon  and  sulphur 
present  in  the  coal.  It  is  true  that  W.  D.  Rudy,  a  senior  student  in 
chemistry  at  the  University,  collected  face  samples  from  mines  at 
Bloomington,  Carbondale,  Duquoin,  and  Mt.  Carbon,  Jackson  County, 
upon  which,  as  a  topic  for  his  Bachelor's  Thesis,  he  made  ultimate 
analyses,  but,  so  far  as  the  record  goes,  the  purpose  of  the  study  was 
completed  when  percentage  values  for  the  elemental  constituents  were 
obtained. 

It  will  be  seen,  therefore,  that  up  to  almost  exactly  twenty-five 
years  ago  there  had  been  no  investigational  work  whatever  done  on  Illi- 
nois coals.    You  will  see  from  this  somewhat  sweeping  statement,  thai 
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1  have  relegated  purely  analytical  processes  and  results  to  a  place  out- 
side the  realm  of  investigation.  This  is  true  in  the  main,  for  anahtical 
values  for  the  most  part  are  required  as  operating  data  by  the  engineer, 
who  must  know  the  percentage  of  combustible  and  non-combustible 
material,  such  as  ash  and  moisture,  which  is  delivered  to  him  for  the 
production  of  power.  It  does  not  apply,  however,  to  investigaliom 
seeking  to  improve  and  make  more  accurate  the  processes  of  analysis. 

So,  1  still  maintain  that  the  securing  of  data  by  chemical  analysis 
is  not  chemical  research  on  coal. 

1  recall,  at  this  time,  with  no  little  interest,  a  c(mversation  with 
Professor  Breckenridge,  Dean  of  the  College  of  Engineering,  the  date 
being  a  little  over  twenty-five  years  ago.    He  said,  in  effect : 

**Let  us  assemble  all  the  known  analviical  data  on  Illinois  Coals, 
from  whatever  source,  which  seems  to  be  reliable,  publish  the  same,  put- 
ting it  all  behind  us,  then  begin  on  a  new  and  clean  slate." 

1  think  neither  of  us  quite  realized  the  significance  of  that  program. 
As  a  matter  of  fact  it  marked  the  line  of  differentiation  between  purely 
analytical  processes  for  furnishing  operating  data  on  the  one  hand, 
and  on  the  other,  the  intensive  study  of  fundamental  problems  relating 
to  the  constitution  of  coal,  which  was  inaugurated  soon  after  the  organ- 
ization of  the  Illinois  State  Geological  Survey. 

As  evidence  that  this  program  proposed  by  Professor  Brecken- 
ridge was  adhered  to,  let  me  call  your  attention  to  the  first  published 
report  on  Illinois  coal,  which  contained  all  of  the  analytical  data  avail- 
able at  the  time.  It  was  published  under  the  title  of  "The  Chemical 
Analysis  and  Heating  Value  of  Illinois  Coal,"  and,  because  of  lack  of 
funds  or  more  correctly  speaking,  for  lack  of  any  definitely  organize*! 
body  formally  backing  such  activity,  the  report  was  obliged  to  be  pub- 
lished outside  of  the  University.  This  w'as  accomplished  through  the 
courtesy  of  the  Illinois  Bureau  of  Labor  Statistics,  the  material  being 
published  as  part  of  their  report  for  1902,  a  thousand  reprints  being 
supplied  as  "separates"  for  use  of  the  University  departments  inter- 
ested. 

Fourth — as  a  fourth  observation  of  a  retrospective  type,  I  desire 
to  note  the  fact  that,  beginning  with  the  year  1904,  coal  studies  of  a 
chemical  nature  were  inaugurated  which  had  an  altogether  different 
objective,  seeking  to  develop  information  of  a  fundamental  sort  where- 
by a  l)etter  imderstanding  could  be  had  of  the  properties,  the  behavior, 
and  the  functioning  under  all  circumstances,  of  coal,  leading  also, 
ultimately,  to  a  knowledge  of  the  constitution  of  this  very  complex 
material,  and  that  in  a  way  which  could  not  even  remotely  be  furnished 
by  the  usual  analytical  processes. 

In  that  year,  a  chemical  study  of  Illinois  coals  was  prepared  for 
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distribution  through  the  Illinois  Exhibit,  at  the  St.  Louis  Exposition. 
This  was  also  published  as  the  University  of  Illinois  Studies,  No.  7. 
This  study,  in  addition  to  recounting  some  improvements  in  analytical 
methods,  made  special  reference  to  an  attempt  to  determine  the  behavior 
of  sulphur  in  the  process  of  coal  decomposition  by  heat  and  also  gave 
a  very  considerable  account  of  new  methods  proposed  for  the  deter- 
mination of  calorific  values. 

At  this  same  date,  1904,  there  was  inaugurated  at  the  St.  Louis 
Exposition  an  elaborate  study,  chiefly  of  an  analytical  nature,  of  all 
.Vmerican  coals,  seeking  an  improvement  and  standardization  of  meth- 
ods of  analysis,  and  from  this  beginning,  inaugurated  under  the  auspices 
of  the  U.  S.  Geological  Survey,  has  developed  the  mass  of  analytical 
and  investigational  data  which  has  given  the  work  of  this  sort  a  para- 
mount place  in  coal  studies  throughout  the  world. 

Fifth — I  would  like  to  recount  some  of  the  things  which  have  been 
accomplished,  chemically  speaking,  in  connection  with  Illinois  coals 
in  the  last  twenty-five  years. 

Take  the  matter  of  classification ;  so  early  as  the  year  1907  a  sys- 
tem of  classification  was  worked  out  which  not  only  indicates  the  cor- 
rect location  or  rank  of  Illinois  coals,  in  their  relation  to  all  other  types 
but  by  means  of  it  a  definte  index  is  obtained  whereby  coals  of  the 
State  can  be  identified  or  located  almost  by  counties,  at  least  by  dis- 
tricts, where  the  various  sub- types  may  be  found.  This  was  a  direct 
outgrowth  of  some  of  the  early  studies  under  the  new  organization  of 
the  Survey,  which  sought  to  draw  a  more  exact  line  of  demarkation 
between  the  inert  or  ash  constituent  and  the  organic  or  true  com- 
bustible material. 

r>om  these  studies,  grew  up  the  use  of  the  term,  "Unit  Coal," 
which  is  the  basis  of  our  system  of  classification. 

Again,  one  of  the  early  studies  was  directed  toward  the  peculiar 
and  at  the  time  little  known  phenomenon  of  oxygen  absorption  on  the 
part  of  freshly  mined  coal.  From  these  studies  has  grown  a  real  under- 
standing of  the  causes  which  promote  spontaneous  combustion,  and  fol- 
lowing such  information  has  come  about  a  thoroughly  practical  and 
widely  used  system  of  storage  of  Illinois  coal.  This  has  involved  also 
fairly  complete  information  regarding  weathering  and  deterioration  as 
it  occurs  under  storage  conditions. 

This  matter  of  oxygen  absorption  is  also  a  factor  of  fundamental 
importance  in  the  carbonization  of  coals  of  the  Illinois  type,  and  by 
following  along  the  lines  thus  indicated,  an  effective  system  has  been 
worked  out  for  coking  these  coals. 

In  this  same  connection,  other  studies  for  isolating  and  studying 
the  properties  of  the  bonding  or  agglutinating  constituents  have  been 
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pursued,  studies  on  the  softening  temperatures  and  the  effect  on  that 
phenomenon  of  absorbed  oxygen,  studies  on  sulphur  and  methods  fur 
measuring  its  distribution  as  pyritic  or  inorganic  combinations. 

This  list  might  be  considerably  extended,  but  enough  has  been  given 
to  show  something  of  the  scope  and  the  type  of  the  work  undertaken. 
In  general,  it  might  be  said  that  the  work  has  been  directed  toward  an 
understanding  of  the  constitution  of  Illinois  coal,  and  the  inherent  and 
specific  properties  of  the  type  material  of  which  the  coal  is  composed. 

The  question  now  arises — what  are  the  developments  to  be  imme- 
diately ahead,  and  have  these  factors  of  the  past  twenty-five  years  fur- 
nished any  help  to  the  requirements,  especially  of  an  everyday  and  in- 
dustrial sort  for  meeting  the  immediate  needs  of  the  future? 

In  the  first  place,  it  will  be  well  to  emphasize  the  necessity  for  in- 
vestigational work. 

It  is  difficult  to  understand  why  this  need  has  not  been  recognized 
in  the  past,  and  it  is  certainly  a  crucial  question  for  the  future.  I  am 
sure  we  do  not  adequately  estimate  the  relative  value  and  importance 
of  the  coal  resources  of  the  State.  The  annual  sale  value,  at  least,  to 
the  ultimate  consumer,  is  approximately  one-quarter  billion  dollars. 
If  we  credit  the  agricultural  product  at  10  dollars  per  year,  for  ever} 
acre  of  area  in  the  State,  the  value  will  be  about  the  same  as  that  given 
to  the  annual  coal  yield.  Now,  the  total  sum  spent  on  agricultural  inves- 
tigations up  to  the  present  time  can  only  be  measured  in  terms  of  mil- 
lions of  dollars.  By  contrast,  the  total  amount  spent  on  coal  investiga- 
tions up  to  the  present  time  amounts  to  just  about  thirty  cents. 

Of  course,  I  am  speaking  in  somewhat  figurative  but,  I  believe, 
relatively  accurate  terms  and,  especially  would  I  not  wish  to  be  under- 
stood as  criticizing  the  expenditure  for  agricultural  research.  The  re- 
sults in  that  field  amply  justify  the  expenditure,  and  difficult  as  are  the 
agricultural  problems  today,  it  is  sufficient  answer  to  criticisms  directed 
toward  agricultural  investigations,  to  ask  what  the  present-day  status 
of  agriculture  would  be  without  that  help.  In  fact,  the  dominant  need 
of  the  day,  in  every  line  of  activity,  is  for  research  to  meet  the  com- 
petitive results  of  other  research,  and  the  coal  industry  is  no  exception 
to  the  rule. 

Now  the  tendency  on  the  part  of  every  industry  is  to  see  only  its 
own  problems  and  perplexities,  but  the  unraveling  of  a  problem  is  not 
necessarily  research.  Its  solution  however  may  be  possible,  or  of  per- 
manent rather  than  temporary  value  only  if  the  fundamental  factors 
are  at  hand  for  application  to  its  solution.  My  plea  therefore  is  that 
the  coal  industry  make  this  distinction,  and  have  an  adequate  apprecia- 
tion of  the  value  and  need  of  that  kind  of  investigational  work  as  shall 
develop  fundamental  facts,  whether  their  immediate  value  can  be  seen 
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or  not.  It  is  all  very  well  to  inaugurate  a  sales-propaganda  to  "buy  more 
Illinois  coal,"  but  that  gives  only  a  temporary  and  evanescent  relief.  If 
the  industry  can  see  its  ultimate  salvation  only  in  a  slogan,  I  have  one  at 
hand,  ready-made,  namely,  "Say  it  with  flowers." 

No,  the  need  is  more  fundamental  and  involved,  and  requires  a 
viewpoint  for  its  solution  which  may  be  far  removed  from  the  pit  mouth 
and  the  market. 

Nor  is  it  strange  if  these  facts  do  not  come  into  the  range  of  vision 
of  the  coal  operator.  He  has  enough  to  occupy  his  attention  in  connec- 
tion with  fixed  charges  and  labor  costs,  with  market  conditions  and  bal- 
ance sheets.  He  can  understand,  of  course,  a  straight  red  line  drawn 
from  Kansas  City  to  Chicago,  and  marked  as  a  proposed  pipe  line  for 
natural  gas  but  he  has  no  data,  or  only  a  vague  conception  of  how  that 
fuel  competition  may  affect  or  may  be  met  by  the  coal  industry. 

It  is  obvious  that  about  all  that  can  be  done  at  the  present  time  is  to 
state  the  problem.  I  have  tried  to  indicate  what  the  character  of  its 
solution  should  be.  The  sky  is  not  all  over-cast,  there  are  a  number  of 
bright  spots  coming  into  view.  I  must  say,  however,  that  you  must 
look  outside  of  Illinois  to  see  them ;  such  gleams  of  hope,  for  example, 
as  come  from  the  U.  S.  Bureau  of  Mines,  The  Battelle  Institute  for 
Metallurgical  and  Fuel  Research,  the  International  Conferences  on 
Bituminous  Coal  held  at  Pittsburgh,  and  we  must  also  mention  the 
numerous  bureaus  supported  partly  by  public  funds  and  partly  by  the 
coal  interests,  in  England,  Germany  and  France. 

Users  do  not  all  require  their  fuel  in  the  gaseous  form  nor  all  in  the 
solid  form,  but  all  are  more  or  less  insistent  that  it  shall  be  in  better 
form,  with  less  of  dirt  and  grime,  with  more  freedom  from  smoke  and 
ash  and  sulphur,  and  with  more  care  and  attention.  The  old-time  oper- 
ator may  have  said,  "I  am  mining  coal  for  the  one  purpose  of  selling 
coal."  But  the  future  operator  will  be  obliged  to  say,  "I  am  mining  fuel, 
and  I  find  that  fuel  must  be  supplied  to  the  public  in  the  form  which 
they  require,  regardless  of  my  own  wishes  in  the  matter." 

But,  whatever  the  form,  it  is  my  conviction  that  the  Illinois  Coal 
Operator  has  it,  potentially,  in  better  form,  or  by  subsidiary  operations, 
can  have  it,  and  that  his  ultimate  goal  should  be  and  doubtless  will  be, 
the  mining  out  of  the  ground  of  more  nearly  100  per  cent  of  the  precious 
fuel  deposit  there  entrusted  to  his  development,  and  bringing  it  to  the 
ultimate  user  in  some  form  which  will  always  grade  as  No.  1,  and  that, 
with  the  absolutely  ultimate  essential  of  a  profit. 
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THE  CONSTITUTION  OF  COAL  AND  THEIR 
APPLICATION  TO  ILLINOIS  COALS » 

By  Reinhardt  Thiessen  - 

INTRODLXTIOX 

l)uriiij>:  ihe  last  few  decades,  considerable  advance  has  been  made 
in  the  study  of  the  origin,  constitution,  and  structure  of  coal,  so  thar 
these  phases  are  well  known.  We  are  now  entering  on  a  new  phase  or 
coal  research  in  which,  besides  endeavoring  to  pry  into  the  chemistn 
of  coal,  the  structure  and  constitution  of  coal  are  being  correlated  with 
its  behavior  under  different  uses. 

The  United  States  lUireau  of  Mines  •'^  is  undertaking  a  chemical 
and  physical  survey  of  American  coals  so  as  to  collect  data  concerning' 
the  behavior  and  suitability  of  coals  under  various  conditions  and  uses. 
There  is  a  considerable  number  of  types  of  coal,  each  of  which  may  be 
suitable  for  a  special  purpose  or  a  better  purpose  than  for  that  now  used 
The  selection  of  these  types  of  coal  for  the  purposes  for  which  the; 
are  best  suited  requires  a  knowledge  of  their  composition  and  physical 
and  chemical  natures.  A  more  complete  knowledge  depends  further  on 
the  elucidation  of  the  constituents  or  ingredients  of  which  coals  are 
composed,  and  the  relative  proportions  in  which  they  build  up  a  coal. 

COArPOSlTION  OF  COAL 

To  make  this  clear,  a  brief  review  of  the  structure  of  coal,  as  it  ij^ 
now  known,  is  necessary.^  Coals  are  composed  essentially  of  two  visi- 
bly different  classes  of  constituents,  anthraxylon  and  attritus  (Fig.  H)- 
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Anthrax  YLON 

Anlhraxylon  comprises  those  constituents  in  coal  derived  from  the 
woody  tissues  of  plants,  such  as  stems,  limbs,  branches,  twigs,  roots,  in- 
cluding both  wood  and  cortex,  changed  and  broken  up  in  fragments  of 
greatly  varying  sizes  through  biological  decomposition  and  weathering 
during  the  peat  stage,  and  later  flattened  and  transformed  into  coal 
through  the  coalification  processes,  but  still  present  as  definite  unit  con- 
stituents. With  the  naked  eye  they  appear  as  homogeneous  black  bands, 
strips,- or  lenticular  inclusions,  generally  of  a  bright  outward  appearance, 
varying  in  thickness  from  a  fraction  of  a  millimeter  to  several  cen- 
timeters (Fig.  11).  In  general,  they  have  a  smooth  black  to  a  highly 
lustrous  appearance  according  to  the  rank  of  coal — the  higher  the  rank 
the  higher  the  gloss.  In  thin  section  under  the  microscope  these  bands 
invariably  reveal  some  of  the  original  plant  structure.  This  may  be 
well  preserved,  or  it  may  be  recognized  with  difficulty,  with  all  degrees 
of  preservation  between  these  two  extremes  (Fig.  12). 

In  the  living  and  sound  condition,  wood  is  composed  essentially  of 
lignocellulose,  which  is  cellulose  and  lignin.  With  these  are  associated 
a  number  of  other  substances,  mostly  pentosans  in  smaller  amounts.  It 
has  been  found  that  when  wood  is  left  in  a  favorable  condition  for  rot- 
ting, the  cellulose  and  pentosans  are  readily  decomposed,  but  the  lignin 
generally  remains  and  in  some  way  is  converted  into  that  substance 
termed  humus  or  humins.  Samples  of  woody  peat  are  found  to  have 
lost  most  of  the  original  cellulose  and  pentosans,  but  they  have  lost  little 
of  the  lignin.  When  such  samples  are  examined  with  respect  to  the  age 
of  the  deposit,  in  other  words,  in  a  profile  from  top  to  bottom,  it  is 
found  that  although  near  the  surface,  as  a  whole,  a  considerable  amount 
of  cellulose  is  still  present,  it  decreases  toward  the  bottom,  where  there 
are  merely  traces  or  none.^  From  this  and  other  criteria  it  is  deduced 
that  the  anthraxylon  in  all  the  coals  is  largely  derived  from  the  lignin 
of  the  plants.    Unfortunately,  the  chemistry  of  lignin  is  not  understood. 

The  woods  of  recent  plants  vary  greatly  in  the  ease  in  which  they 
are  attacked  by.  micro-organisms,  also  in  the  ease  in  which  they  are 
macerated,  so  that  the  final  products  of  decomposition  and  sizes  of  frag- 
ments resulting  diflfer  in  many  respects.  For  that  reason  the  anthraxy- 
lon units  in  coal  vary  in  similar  respects. 

It  is  mainly  the  anthraxylon  that  possesses  the  coking  properties, 
and  it  chiefly  lends  these  properties  to  the  coal  as  a  whole. 
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Attritus 

The  attritus  is  that  component  in  coal  derived  from  any  and  all 
plant  matter  contributed  to  the  deposit  during  the  peat  stage,  macerated 
and  comminuted  through  the  agencies  of  micro-organisms,  lower  forms 
of  animal  life,  and  meteorological  agencies,  and  subsequently  consoli- 
dated and  changed  into  coal.  The  attritus,  therefore,  contains  much  of 
the  more  and  most  resistant  plant  products.  It  is  much  duller  in  appear- 
ance than  the  anthraxylon,  being  usually  of  a  dull  gray  color  and  of  a 
stri[)ed  ap[)earance  when  intercalated  with  fine  sheets  of  anthraxylon 
(Fig.  11).  The  attritus  is  the  continuous  fundamental  matter,  the  dis- 
perse medium,  in  which  the  anthraxylon  is  embedded. 

When  thin  sections  are  prepared  from  a  coal  and  examined  under 
the  microscope  at  a  low  magnification,  the  attritus  appears  as  a  granular 
grayish  mass  lodged  between  the  more  homogeneous  dark  red  bands  of 
anthraxylon  (Fig.  28).  At  a  higher  magnification — at  200  diameters 
and  more — it  is  shown  to  consist  of  a  number  of  different  ingredients. 
Figure  13  represents  a  typical  transparent  attritus,  and  the  following  in- 
gredients may  be  recognized  in  it : 

1.  Humic  degradation  matter 

2.  Opaque  matter 

3.  Resinous  matter 

4.  Fats,  oils,  waxes 

5.  Charred  matter 

6.  Mineral  matter 
Besides  these, 

7.  Cuticles  are  also  found  in  all  coals,  and 

8.  Oil  algae  in  some  coals. 

These  ingredients  have  been  studied  in  peat  and  traced  through  all 
the  ranks  of  coals,  so  that  their  history  is  fairly  well  known. 

HUMIC  DEGRADATION  MATTER 

It  is  not  easy  to  define  what  is  to  be  understood  by  the  term  "humic 
degradation  matter."  When  considered  as  to  origin,  a  number  of 
classes  are  distinguishable  and  shown  to  be  derived  from  the  following: 

a.  Cell  walls  of  woody  tissues 

b.  Cell  walls  of  cortex,  pith,  bark,  cork 

c.  Leaf-parendyma,  wood-parenchyma 

d.  Certain  cell  contents  such  as  gums,  starch,  tannins,   phlobe- 

phenes,  opaque  matter 

e.  Mosses,  lichens,  liverworts 
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In  peat,  particularly  in  the  younger  stages,  these  different  classes 
may  be  distinguished  from  one  another ;  but  in  the  higher  coals  this  can 
only  be  done  with  great  difficulty  or  not  at  all,  and  so  it  is  more  con- 
venient to  combine  them  under  the  one  term  "humic  matter."  In  well- 
matured  peat,  and  in  coal  after  it  has  been  oxidized,  they  are  soluble  in 
alkalies  forming  a  dark  brown,  colloidal  solution,  appearing  black  in 
concentrated  solutions. 

The  humic  degradation  matter  in  coal  is  therefore  largely  but  not 
altogether  derived  from  the  woody  tissues  of  plants,  and  like  the  an- 
thraxylon  is  largely  derived  from  the  lignin.  The  pure  humic  degrada- 
tion matter  possesses  many  of  the  properties  of  anthraxylon  (Fig.  18). 

SPORE-EXINES 

Spores  are  the  asexual  reproductive  organs  of  the  lower  plants, 
such  as  liverworts,  mosses,  and  ferns.  The  microscopic  spherical  bodies 
consist  of  the  inner  living  or  protoplasmic  parts  surrounded  by  a  thin 
membrane,  the  entine,  which  is  enclosed  in  an  outer  relatively  thick 
shell  or  membrane,  the  exine.  This  is  composed  of  a  number  of  re- 
sistant substances,  such  as  cutin,  esters  of  higher  fatty  acids,  oils,  and 
resins.  All  of  these  are  very  resistant  to  chemical  reagents,  oxidation, 
and  micro-organisms.  Because  of  this  resistant  nature,  while  the  inner 
parts  are  decomposed  the  exines  remain  unattacked  in  relatively  large 
numbers  and  always  form  an  appreciable  part  of  many  coals. 

Spore-exines  are  the  most  conspicuous  constituents  in  coal,  readily 
seen  on  account  of  their  clear  yellow  color  and  transparency.  They  are 
merely  the  shells  or  outer  walls  or  coverings  of  spores  of  the  coal-form- 
ing plants,  such  as  calamites,  lepidodendrons,  sigillaria,  and  spheno- 
phylls.  They  may  be  recognized  in  the  photographs  as  small  linear 
patches.  At  high  magnification  their  true  nature  is  more  clearly  shown, 
and  in  cross-section  they  appear,  when  whole,  as  collapsed  rings,  often 
bearing  wings  or  appendages.  In  reality,  they  represent  collapsed 
spheres.  Their  contents  have  completely  or  almost  completely  disap- 
peared. When  seen  in  horizontal  sections  where  they  are  shown  on  the 
broad  side,  they  appear  as  circular  to  oval  and  sometimes  slightly  trian- 
gular discs.  At  high  magnification  they  reveal  many  forms  of  sculptur- 
ings,  tetrasporic  markings,  and  hair-like  appendages  (Fig.  14). 

There  are  many  different  kinds  and  sizes  of  spores  in  coals,  and  two 
kinds  are  recognized  with  respect  to  size — megaspores  and  microspores. 
From  a  biological  standpoint  these  also  differ  in  function. 

The  thickness  of  the  spore-wall  varies  greatly  with  the  kind  of 
spore  from  which  it  was  derived,  and  ranges  from  the  tiniest  film  to 
huge,  massive  megaspores,  easily  visible  to  the  naked  eye. 
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PoUen-exines  resemble  spore-exines  in  general  appearance  and 
clieniistry,  but  they  are  always  relatively  small  and  ver^'  thin. 

It  has  been  shown  that  the  spores  in  coal,  cannel  coals,  and  oil- 
shales  are  the  oil-yielding  constituents.  A  coal,  a  cannel  coal,  or  an  nil- 
shale  rich  in  spores  is  invariably  also  rich  in  oils. 

CUTICLES 

All  leaves,  fruits,  and  green  stems  of  the  higher  plants  are  covere', 
with  cuticles  to  protect  them  from  insects,  bacteria,  fungi,  weather,  and 
other  injuries.  These  are  often  covered  with  a  layer  of  wax  in  the 
form  of  a  film,  as  hair-like  processes,  or  as  granules.  In  thin  sections 
they  appear  as  bright,  golden-yellow  bands,  often  found  in  pairs  an«i 
commonly  having  serrated  borders.  The  substances  forming  the  cuti- 
cles are  similar  in  chemical  composition  to  those  of  spore-exines,  anii 
like  them  are  very  resistant  to  decay  and  chemical  reactions,  and  for 
that  reason  are  common  objects  in  coal. 

The  chemistry  of  cuticles  found  in  coal  has  been  worked  out  in  the 
laboratories  of  the  British  Safety  in  Mines  Research  Board  and  appears 
to  be  similar  to  that  of  the  spore-exines  in  coal.  On  destructive  distilla- 
tion they  were  shown  to  yield  11  per  cent  saturated  hydrocarbons,  22 
per  cent  unsaturated  hydrocarbons,  22  per  cent  aromatic  hydrocarbons. 
22  per  cent  oxygenated  compounds,  1 1  per  cent  ether-soluble  resin,  anl 
1 1  per  cent  chloroform-soluble  pitch. 

RESINS 

A  large  number  of  plants,  such  as  the  conifers,  contain  a  consider- 
able amount  of  resinous  matter  stored  up  in  resin  ducts,  reservoirs,  and 
fissures  found  in  the  wood,  bark,  and  leaves.  The  chemistry  of  the  res- 
ins of  living  plants  is  remarkably  well  known.  The  amount  of  these  res- 
ins varies  from  a  fraction  of  1  per  cent  to  as  high  as  10  per  cent  of  the 
dry  weight  of  the  plant.  In  the  lignites  it  is  easy  to  find  the  resinous  mat- 
ters still  intact  in  the  anthraxylon  and  other  tissues,  exactly  w^here  they 
would  be  expected  to  be  found.  They  are  also  found  abundantly  in  the 
attritus  of  the  lignites;  the  wood  or  other  tissues  simply  decayed  while 
the  resins  remained  behind  undecomposed  ( Fig.  20) .  The  identity  oi 
the  resins  in  the  lignites  is  therefore  certain.  In  the  bituminous  coals, 
resinous-appearing  inclusions  are  also  found  in  the  woody  tissues ;  these, 
it  is  safe  to  assume,  are  also  remains  of  the  resinous  substances.  In 
the  attritus  of  the  bituminous  coals,  resinous-appearing  globules  and 
particles  are  also  frequently  found  and  sometimes  form  a  considerable 
part  of  it  (Fig.  IS).  By  analogy-  it  is  assumed  that  they  are  derived  from 
the  natural  resins  of  certain  plants. 
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In  thin  sections  these  resinous  particles  appear  as  spherical  to  oval 
globules  of  greatly  varying  sizes  and  of  a  dark  yellowish-red  color. 

The  products  of  distillation  have  as  yet  not  been  determined  and 
still  offer  a  field  for  investigation. 

OPAQUE   MATTER 

The  origin  of  the  opaque  matter  in  coal  has  as  3'et  not  been  deter- 
mined. Some  indications  show  that  it  is  derived  from  cell  contents  of 
certain  plants.  Its  chemical  behavior  is  similar  to  that  of  the  humic 
matter  described  above,  and  like  it  may  be  dissolved  in  alkali  after  oxi- 
dation reactions,  and  so  it  must  be  classed  with  it.  When  concentrated 
or  predominant  in  the  attritus  of  a  coal,  either  in  certain  layers  or  in  the 
whole  bed,  it  forms  the  underlying  principle  of  a  splint  coal  (Fig.  22). 
The  opaque  matter  does  not  possess  good  coking  properties;  in  fact, 
it  inhibits  coking  when  present  in  large  amounts. 

THE  COMPILATION  OF  COALS 

All  of  the  ingredients  named  except  the  oil  algae  are  always  pres- 
ent in  the  attritus  of  ordinary  coals.  As  a  rule,  the  humic  degradation 
matter  furnishes  the  larger  proportions,  but  any  one,  or  occasionally 
any  two  may  predominate,  and  thus  determine  its  nature  and  therefore 
to  a  large  extent  the  nature  of  the  coal. 

The  relative  amount  and  the  nature  of  these  ingredients  determine 
the  nature  of  a  coal  and  form  the  basis  of  classification  into  types. 

With  respect  to  the  presence  or  absence  of  anthraxylon,  coals  may 
be  divided  into  two  great  groups,  (A)  those  composed  of  both  an- 
thraxylon and  attritus,  and  (B)  those  composed  entirely  or  almost 
entirely  of  attritus. 

A.    Coals  Composed  of  Both  Anthraxylon  and  Attritus 

Coals  which  are  composed  of  both  anthraxylon  and  attritus  in  vary- 
ing proportions  are  the  banded  or  striped  coals  (Figs.  11,  16,  26,  and 
30) .  The  two  components  may  be  found  in  all  proportions,  regardless 
of  the  nature  of  the  one  or  the  other,  and  according  to  the  predominance 
of  the  one  or  the  other  determines  to  a  large  extent  the  nature  of  a  coal. 

(a.)  A  coal  may  be  composed  largely  of  anthraxylous  or  woody 
matter,  forming  anthraxylous  coals  (Figs.  16  and  17).  These  are  char- 
acteristic in  nature,  very  fragile,  and  have  better  coking  properties  than 
attrital  coals  of  the  same  rank.  There  are  a  number  of  coals  of  this 
type.  Coal  of  the  lower  bench  of  the  Upper  Freeport  bed  and  coals  of 
the  No.  6  bed  (Figs.  16  and  17)  are  good  examples. 

(b.)  A  coal  may  be  composed  largely  of  attrital  matter.  These 
also  are  characteristic  coals.    The  Flkhorn  coal  is  a  good  example  (Figs. 
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30,  31,  and  32).  Between  these  two  extremes  all  inter -grades  of  pro- 
portions of  anthraxylon  and  attritus  may  be  found. 

The  anthraxylon  again  may  be  present  largely,  (a)  as  relativtlv 
thick  and  massive  units  as  in  Figure  16,  (b)  all  as  relatively  thin  unirs 
as  in  Figure  26,  and  (c)  all  possible  sizes  generally  mixed. 

The  anthraxylon  may  further  vary  due  to  origin,  initial  decay,  an! 
the  physical  nature,  color,  and  cell  contents  of  the  original  wood. 

THE   ATTRITL'S 

The  various  ingredients  of  the  attritus  itself  may  be  present  in 
varying  concentrations  in  different  coals.  They  may  all  be  present  in 
more  or  less  equal  proportions,  or  any  one  of  them  may  be  entirely  ur 
largely  absent,  but  never  is  one  found  alone ;  or  any  one  or  two  or  three 
may  predominate.  This  is  true  particularly  of  the  attrital  coals.  The 
following  types  may  be  distinguished : 

(a.)  Ifumic  coals, — The  attritus  may  be  composed  pred<jminanil\ 
of  transparent  humic  degradation  matter.  There  are  a  number  of  cual> 
of  this  type.    The  Redstone  coal  is  a  good  example  (Fig.   18). 

(b.)  Spore  coals, — The  attritus  may  contain  a  large  amount  <i 
spore  matter  together  with  a  certain  amount  of  transparent  attritus. 
There  are  a  number  of  coals  of  this  type.  The  Pittsburgh  coal,  and  a 
coal  from  the  Barren  Measures,  McLeansboro  Formation,  and  certain 
layers  in  the  Elkhorn  coal  of  Illinois,  are  good  examples  (Fig.  19). 

(c.)  Resinous  coal, — The  attritus  may  contain  a  large  proportion 
of  resinous  matter.  Coals  of  this  type  are  found  more  often  among  the 
younger  coals.    A  coal  from  Sunnyside,  Utah,  is  an  example  (Fig.  20 1 

(d.)  Paper  coals, — Cuticular  matter  may  be  prominent.  A  coil 
from  Malowka,  Russia,  known  as  Papierkohle,  is  a  good  example.  Cer- 
tain layers  in  a  number  of  coals  are  composed  largely  of  cutiailar 
matter. 

(e.)  Splint  coal, — The  attritus  may  be  composed  predominantly 
of  opaque  matter.  As  a  rule,  a  large  amount  of  spore  matter  is  assiv 
ciated  with  it,  but  not  necessarily  so.  The  anthraxylon  in  this  t\'pe  gen- 
erally consists  of  thin  irregular  sheets,  sometimes  but  sparingly'  present 
(Fig.  21).  The  attritus  of  this  nature  imparts  characteristic  features 
to  this  type,  and  is  called  splint  coal  in  America,  Mattkohle  in  Germany, 
durain  in  England.  Whole  beds,  or  merely  certain  layers  of  varying 
thickness  in  a  bed,  may  consist  of  this  type  (Figs.  21  and  22). 

Splint  coals  are  quite  different  from  other  coals  and  are  easily  dis- 
tinguishable from  them,  particularly  in  thin  sections  under  the  micro- 
scope (Fig.  22),  They  are  irregular  and  lumpy,  irregular  or  rough  in 
fracture,  grayish  black  in  color,  and  of  a  granular  consistency  (Fig.  21). 
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LLXID-ATTRITE  AND  OPAOUE-ATTRITE 

The  types  just  characterized  belong  to  the  banded  or  striped  coals. 
It  will  be  seen  that  they  may  be  separated  into  two  distinct  groups  with 
respect  to  the  nature  of  the  attritus.  The  attritus  of  the  one  is  distinctly 
transparent  in  thin  sections,  and  may  be  called  lucid-attrite ;  that  of  the 
other  is  quite  opaque,  rendered  only  translucent  and  partly  transparent 
in  very  thin  sections,  and  may  be  called  the  opaque-attrite. 

We  have,  therefore,  one  type  of  coal  composed  of  anthraxylon,  in 
varying  proportions  and  of  varying  thicknesses,  associated  with  trans- 
parent attritus  or  lucid-attrite.  These  are  the  ordinary  coals  often 
referred  to  as  *'humus"  coals.  The  other  type  is  composed  of  anthra- 
xylon, of  varying  proportions  and  of  varying  thicknesses,  but  generally 
smaller  proportions  and  of  relative  thinness,  and  associated  with  an 
opaque  attritus  or  opaque-attrite.  These  coals  are  the  splint  coals, 
Mattkohle,  and  durain. 

B.     Coals  Composed  of  Attritus 

Coals  composed  entirely  or  almost  entirely  of  attrital  matter,  or 
those  in  which  anthraxylon  is  entirely  or  almost  absent,  are  the  cannel 
coals.    Three  main  types  of  cannel  coals  are  recognized  : 

(a.)    Spore  cannel  coals,  in  which  spores  form  the  chief  ingre- 
dients (Figs.  23  and  24). 
(b.)    Humic  or  pseudo-cannel  coals,  in  which  humic  matter  is  the 

chief  ingredient, 
(c.)     Boghead  coals,  in  which  oil  algae  form  the  chief  ingredient 

(Fig.  25). 
All  of  these  may  be  intermixed,  forming  sub-types. 

FUSAIN 

Fusain,  mineral  charcoal,  or  mother  of  coal  is  found  in  all  coals, 
generally  in  relatively  small  proportions,  although  occasionally  layers 
are  found  containing  considerable  amounts.  Its  origin  and  formation  is 
a  much  debated  question  upon  which  there  is  no  agreement. 

This  constituent  is  so  well  known  that  it  requires  no  description 
at  this  time,  but  it  may  be  pointed  out  that,  although  not  all,  most  of  the 
fusain  is  derived  from  woody  tissue  of  which  the  structure  is  often  well 
preserved.  It  is  higher  in  carbon  and  lower  in  volatile  matter  than  the 
other  components,  and  has  no  coking  properties. 
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When  present  in  small  proportions  it  has  no  marked  effect  upon 
the  coal  with  which  it  is  found,  but  when  present  in  high  concentrations, 
more  than  20  per  cent,  it  inhibits  coking  properties.® 

TYPES  OF  COALS 

A  number  of  specific  types  of  coal  are  therefore  recognized  and  are 
broadly  distinguishable,  as  follows : 

1.  Banded  coals 

(a.)     Anthraxylous  coals. 

(b.)    Anthraxylous  and  attrital  coals  in  more  equal  propor- 
tions. 

(c.)  Attrital  coals. 

(d.)  Splint  coals  (opaque-attrital). 

( e. )  Humic-coals  ( lucid-attrital ) . 

(f.)  Spore-coals. 

(g.)  Humic-spore  and  spore-humic  coals. 

2.  Cannel  coals 

(a.)    Spore-cannel  coals. 

(b.)    Pseudo-  or  humic-cannel  coals. 

(c.)     Boghead  or  algal-cannel  coals. 

Also, 

(d.)  Spore-humic  cannel  coals. 

(e.)  Spore-opaque-attrital  cannel  coals. 

(  f . )  Spore-boghead  coals. 

PROPERTIES  OF  COALS 

Theoretically,  a  coal  composed  largely  of  anthraxylous  matter 
should  differ  in  behavior  in  its  uses  from  an  attrital  coal ;  a  lucid-attrital 
coal  should  differ  from  an  opaque-attrital.  A  great  many  of  these  dif- 
ferences are  well  known.  The  characteristics  of  cannel  coals  and  bog- 
head coals  are  w^ell  know-n,  so  are  the  specific  characteristics  of  a  num- 
ber of  banded  coals. 

Although  these  types  can  be  distinguished  precisely  and  easily  by 
the  microscope,  and  differences  in  behavior  are  being  recognized,  means 
have  not  yet  been  devised  of  determining  characteristics  numerically; 
w^e  have,  therefore,  as  yet  not  enough  numerical  measurements  to  show 


•Ypunkins,  J.  A.,  and  Davis,  J.  D.,  Effect  of  Fusain  and  Related  Inerts  on  the  Prop- 
rrties  of  Pittsburgh  Coal  witk  Particular  Reference  to  Coking  Properties.  Work  presented 
for  Master  s  Thesis,   Carnegie  Institute  of  Technology',   1929. 
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specific  differences.  Engineers  and  technicians  demand  figures  and 
curves.  A  beginning  has  been  made  by  the  U.  S.  Bureau  of  Mines  in 
this  respect  by  Fieldner  and  Davis  ^  and  their  co-workers.  A  number 
of  coals  are  being  examined  with  respect  to  certain  physical  properties, 
such  as  coking,  gas-  and  oil-yielding  and  composition  of  these  products, 
as  well  as  the  nature  of  the  coke.  Complete  data  of  two  well-known 
coals  have  thus  far  been  obtained :  a  coal  from  the  Pittsburgh  bed  from 
the  Ocean  No.  2  mine,  and  from  the  Elkhorn  bed,  mine  204,  Jenkins, 
Fletcher  County,  Kentucky. 

The  Pittsburgh  Coal 

The  Pittsburgh  coal  (Figs.  26,  27,  28  and  29)  is  a  mixed  anthraxy- 
lous-attrital  coal.  The  anthraxylon  is  present  as  relatively  thin  sheets 
in  innumerable  numbers  (Fig.  26).  The  attritus  consists  essentially  of 
a  humic-spore  matter  in  which  the  humic  matter  predominates,  with 
relatively  little  opaque  and  resinous  matters  present.  Only  occasionally 
are  thin  layers  met  with  in  which  the  opaque  matter  is  prominent.  The 
attritus  in  this  coal,  therefore,  may  be  called  a  lucid-attrite.  At  the  bot- 
tom of  the  bed  the  proportion  of  anthraxylon  is  greater  than  the  attritus 
(Fig.  27^.  In  going  topward,  the  relative  amount  of  anthraxylon  de- 
creases and  the  attritus  increases  proportionally  so  that  at  the  top  the 
relation  of  the  two  components  has  been  reversed,  being  predominantly 
attrital  toward  the  roof  (Figs.  28  and  29). 

The  Elkhorn  Coal 

The  Elkhorn  coal  is  distinctly  an  attrital  coal  with  a  relatively  small 
amount  of  anthraxylon  in  exceedingly  thin  sheets,  barely  enough  to 
make  it  a  banded  coal  (Figs.  30,  31,  and  34). 

Distributed  along  the  profile  occur  a  number  of  typical  splint  coal 
bands  (Figs.  30  and  31).  There  are  seven  in  the  column  examined, 
varying  in  thickness  from  a  few  millimeters  to  three  centimeters,  their 
total  thickness  being  17  centimeters,  and  making  approximately  2  per 
cent  of  the  total  thickness  of  the  bed.  The  attritus  is  an  opaque-spore- 
humic  attritus — that  is,  humic  matter,  spore  matter,  and  opaque  matter 
are  generally  mixed.  The  opaque  matter  lends  it  splint  coal  characters 
(Fig.  32),  and  therefore,  although  this  coal  can  not  be  called  a  typical 
splint  coal,  it  has  definite  splinty  characters.  It  is  particularly  rich  in 
spore  matter.  No  banded  coal  has  as  yet  been  found  with  as  large  a 
proportion  of  spores  as  this  one. 

'  Ficldncr  A.  C,  Davis,  J.  D.,  Op.  cit. 


68 


RESEARCH  NEEDS  OF  ILLINOIS    COAL  INDUSTRY 


In  these  two  coals  we  have  now  numerical  differences  with  respect 
to  coking  and  by-products  yield.  Table  5  gives  some  of  the  results 
obtained  by  F*ieldner  and  Davis.® 

Table  5. — Characteristics  of  two  coals,  according  to  Ficldncr  and  Daiis 

Pittsburgh  (Ocean  Elkhom  (mine 

No.  2  mine)  204) 

(Forked  lump)  (Run  of  mint  i 
Softening  temperature  of  ash,  degrees  C...         1399 

Agglutinating  power 6700  4300 

Agde  test  fusion  temperature,  degrees  C 320  340 

Agde  test,  decomposition 390  390 

Plastic   pressure,   mm 1700  to  2300  440 

Total  bitumen,  per  cent 14.4  S2 

Proximate  analysis 

Moisture    1.6  2.2 

Volatile  matter  34.2  36.6 

Fixed  carbon  56.7  59.0 

Ash    7.5  22 

100.0  100.0 

Ultimate  analysis 

Hydrogen    5.4  6.1 

Carbon   77.8  80.9 

Nitrogen    1.6  1.5 

Oxygen    6.6  8.7 

Sulfur  1.1  0.6 

Ash   7.5  22 

100.0  100.0 

A  more  concise  discussion  of  these  coals  has  been  given  by  Fieldner 
and  Davis. ^  Other  coals  are  under  investigation  and  it  is  hoped  that 
more  data  will  be  obtained  soon  upon  which  more  definite  conclusions 
may  be  obtained  for  a  more  complete  generalization. 

PETROGRAPIIIC  CONSTITUENTS  OF  COAL  ACCORDING 

TO  EUROPEAN  INVESTIGATORS 

The  various  constituents  in  coal  when  massed  in  the  coal  lend  a 
certain  appearance  to  that  layer  of  the  coal  in  which  massed.  These 
layers  vary  in  thickness  and  in  some  coals  may  comprise  most  of  the 
bed  or  the  whole  bed. 

The  Europeans  have  given  these  layers  or  stripes  various  names 
according  to  their  appearance,  w^ithout  special  reference  to  their  micro- 


■  Ficldncr,  A.  C,  Davis,  J.  D.,  Reynolds,  D.  A.,  Determination  of  Gas-,  Coke-,  and  By- 
product Makinfp  Properties  of  Atncrican  Coals.  Read  at  Atlanta,  Georg^ia,  meeting  of  the 
Amcr.   Chcin.   Soc,  April,    1930. 
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scopic  composition.  In  England,®  the  following  terms  are  applied: 
vitrain,  bright  coal ;  clarain,  striated  bright  coal ;  durain,  hard  or  dull 
coal;  fusain,  mother  of  coal  or  mineral  charcoal.  In  Germany/**  the 
following  terms  are  applied  for  the  same  types  of  layers:  Glanzkohle 
or  vitrit,  bright  layers ;  Mattkohle  or  durit,  dull  layers ;  Faserkohle  or 
fusit,  mother  of  coal.  The  German  investigators  find  the  English  term 
clarain  to  be  superfluous.  Recently,  Lange  ^^  sub-classified  the  Glanz- 
kohle and  Mattkohle  according  to  their  petrographic  appearance  as 
follows : 

1.  Glanzkohle,  mikrostreifig  (micro-striped). 

2.  Glanzkohle,  feinstreifig  (finely  striped). 

3.  Glanzkohle,  grobstreifig  (coarsely  striped). 

4.  Feinstreifige,  Glanzkohle  and  Mattkohle  in  the  same  propor- 

tions. 

5.  Mattkohle,  feinstreifig. 

6.  Mattkohle,  mikrostreifig. 

7.  Mattkohle,  derb  (non-striped). 

8.  Cannel  coal. 

But  neither  in  England  nor  in  Germany  have  they  examined  these 
petrographic  components  critically  under  the  microscope,  although  re- 
sults of  a  number  of  chemical  and  physical  tests  are  available.  There  is 
as  yet  no  unanimity  of  conception  of  the  various  terms  used.  Particu- 
larly confusing  are  the  references  to  the  terms  Glanzkohle  and  Matt- 
kohle. It  is  not  quite  clear  whether  Glanzkohle  embraces  only  those  unit 
constituents  in  coal  derived  from  the  woody  parts,  anthraxylon,  or 
whether  it  embraces  both  anthraxylon  and  lucid-attrite.  So  also  with 
respect  to  the  term  Mattkohle,  it  is  not  quite  clear  whether  it  refers  to 
coals  containing  predominantly  opaque-attrite  or  whether  it  refers  to 
coals  embracing  both  opaque-attrite  and  the  ordinary  attritus  or  lucid- 
attrite.  For  this  reason  a  precise  comparison  can  not  be  made,  nor  can 
their  results  obtained  in  physical  and  chemical  determinations  be  applied 
precisely  to  all  American  coals. 


•  Slopes,  Marie  C,  On  the  Four  Visible  Ingredients  in  Banded  Bituminous  Coal.  Proc. 
Roy.    Soc.    B.,  vol.   90,    1919,   pp.   470-487. 

**  Hoffman.  E.,  Aufbereitungstechnische  Trennung  der  Petrographischen  Kohlenbestand- 
teile.     Gliickaul,  vol.   66,  pp.   529-540,   1930. 

Hoffman,  H.,  Die  makroskopischen  Gemengteile  der  Saarkohle.  Gliickauf,  vol.  64,  pp. 
1237-1243;   1273-1280,   1928. 

Kattwinkel,  R.,  Untersuchungen  ueber  die  Verkokbarkeit  der  Gefugebestandteile  von 
bituminosen  Streifenkohlen  dcs  Ruhrbezirks.   Gliickauf,  vol.   64,  pp.   79-83,   1928. 

Lange,  Th.,  Der  petrographische  Aufbau  des  Sattelfloze  Oberschlesien.s.  Kohle  und  Erz, 
vol.  25,  pp.   791-802,   1928. 

Rittmeister,  W.,  Eigenschaften  und  Gefugebestandteile  der  Ruhrkohlen.  Gliickauf,  vol. 
64,  pp.   589-594;   624-637,   1928. 

Winter,   H.,   Die   Streifenkohle.      Gluckauf,   vol.    55,   pp.    545-555,    1919. 

Winter,  H.,  Mikroskopische  und  chemische  Untersuchungen  an  Streifenkohlen  des 
Ruhrbezirks.     Gluckauf,  vol.  64,  pp.   653-658,   May  26,   1928. 

"  Lange,  Th.,  Op.  Cit. 
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Yet  in  general,  British  and  European  coal  petrography  shows  of 
what  constituents  a  coal  is  composed  and  in  what  proportions  they 
occur  beside  each  other.  When  it  has  been  shown  through  chemical  and 
physical  investigation  how  the  different  components  differ  in  structure 
and  behavior,  how  they  influence  and  disturb  one  another  in  combus- 
tion and  when  it  has  been  found  through  practice  how  to  use  each  com- 
ponent profitably,  they  are  mined  and  separated  and  each  sold  for  the 
particular  purpose  for  which  it  is  best  suited.  In  the  Ruhr  district 
the  separation  of  the  constituents,  particularly  of  the  gas  and  gas-flame 
coals,  has  been  found  to  be  necessar}'^  and  constitutes  a  real  problem, 
as  it  probably  will  in  all  cases  where  it  is  attempted. 

Recently,  58  coal  beds  of  the  Ruhr  district  in  Germany  were  sur- 
veyed and  the  relative  amounts  of  Glanzkohle,  Mattkohle  (splint  coal), 
Faserkohle  (fusain),  and  mineral  matter  in  each  bed  were  determined 
in  percentages  of  the  total  thickness  of  the  beds.^^  For  this  purpose  a 
column  of  each  bed  was  polished  *'  and  then  examined  under  the  micro- 
scope and  the  total  amounts  of  each  ingredient  were  measured,  so  that 
it  is  now  known  exactly  how  much  of  each  of  these  petrographic  com- 
ponents is  in  each  of  the  beds.** 

By  determining  the  behavior  of  each  of  these  components  in  the 
manufacture  of  gas  and  coke  and  the  yield  of  by-products,  and  also 
their  burning  characteristics  under  the  boiler,  the  suitability  of  each 
for  the  various  uses  may  be  learned.  With  this  knowledge  it  may  be 
possible  thereafter  to  separate  the  portions  of  a  bed  so  that  each  com- 
ponent may  be  sold  for  its  appropriate  uses. 

A  similar  survey  has  been  carried  out  in  the  Lower  Silesian  coal 
fields.^'  There,  instead  of  working  out  the  different  components  in  per- 
centages, graphic  columns  are  constructed  of  a  number  of  profiles  of 
the  coal  beds  on  which  the  different  types  of  coal  are  graphed  in  their 
relative  thicknesses.  Thus,  a  column  so  constructed  shows  at  a  glance 
the  type  of  coal,  how  much  there  is  of  it,  and  where  it  is  in  the  mine. 

Because  in  Europe,  particularly  in  Germany,  great  stress  is  laid  on 
the  differences  in  the  chemical  and  physical  properties  of  the  three 
petrographic  components — bright  coal,  Mattkohle,  and  fusain — consid- 
erable work  has  been  done  to  show  their  differences.  It  is  impossible  to 
go  into  these  data  in  detail,  which  in  the  last  two  years  have  become 
rather  voluminous.  A  few  examples  will  show  the  trend  and  give  some 
idea. 


*'  Lehman,  K.,  u.  Stach,  E.,  Die  praktischc  Bedeutung  der  Ruhrkohlen  petrographic 
Gluckauf,  vol.  66,  pp.  289-299,   1930. 

^'  Stach,  Erich,  Der  KohlenreliefschlifF  ein  Neues  Hilfsmittel  fur  die  angewandte  Kohlexi- 
petrographic.     Preussischen  Geologischen  Landesanstalt,   1927. 

»*  Lehman,  K.,  u.  Stach,  E.,  Op.  Cit. 

"  Lange,  Th.,  Op.  Cit 
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